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The International Geomagnetic Reference Field (IGRF) 
1965 was the first of such reference fields and was adopt- 
ed by the International Association of Geomagnetism and 
Agronomy (IAGA) In 1968 [IAGA Commission 2 Working 
Group 4, 1969]. It consists of a model of the main field at 
1965.0 along with a model of secular variation for use in 
extending the main field model In time, both backward (not 
earlier than 1955.0) and forward (not later than 1975.0). 
IGRF 1975, adopted later, consists of IGRF 1965 extended 
to 1975.0, along with a revised model of secular variation 
for use In extending the main field model up to 1980.0 
|MGA Division 1 Study Group, 1976]. 

By the late 1970's, the cumulative effect of the inevitable 
uncertainties In the secular variation models had led to un- 
acceptable Inaccuracies in the IGRF. To satisfy the- need 
for an accurate International geomagnetic reference field, 
this working group recommended the following additions: 

(1) an International geomagnetic reference field for the 
Interval 1980.0 to 1985.0 (IGRF 1980), consisting of a mod- 
el of the main field at 1 980.0 along with a model of secular 
variation for use in extending the main field model up to 
1985.0; 

(2) a definitive International geomagnetic reference field 
(DGRF) for the Interval 1965.0 to 1975.0, consisting of 
models of the main field at 1965.0 (DGRF 1965). 1970.0 
(DGRF 1970), and 1975.0 (DGRF 1975). with linear Inter- 
polation of the model coefficients for intervening dates; 

(3) a provisional international geomagnetic reference field 
lor the interval 1975.0 to 1980.0 (PGRF 1975). defined to 
be (he linear interpolation of DGRF 1975 and IGRF 1980 
(main field). 
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, ’SP'B flroup alB0 recommended that the pattern of 
these additions should be followed in future updates. 

The recommendations, proposed as Resolution 13. were 
adopted by IAGA on August 15. 1981. at the Fourth Scien- 
tific Assembly at Edinburgh. 

nioc F ^m 0 I s ^continuous with IGRF 1975 at 1980.0. 
ughf, unlike IGRF, results from retrospective analysis. 
Further revision of DGRF is not anticipated. PGRF 1975 
now supersedes IGRF 1975. PGRF 1975 will be supersed- 
JxJL' 8nd « hen a definitive model of the main field at 
1980.0, different from IGRF 1980. Is adopted. 

D f Q 5 F 1 £ 65 ' DGR F 1070, DGRF 1975, and IGRF 1980 
(Including he secular variation forecast model) are given In 
the form of spherical harmonic expansions whose coeffl- 
clsnts are listed In the table below. Each main field model 
has 120 coefficients (10th degree and order). The secular 
variation forecast model has 80 coefficients (8th degree 
and order). The coefficients are Schmidt quasi-normalized 
[Chapman and Bartels, 1940] and refer to a radius of 
6371.2 km. For converting geographic coordinates to 
spherical polar coordinates the use of the international el- 
lipsoid Is recommended: equatorial radius 6378.180 km 
and flattening factor 1/298.25 ( International Astronomical 
Union, 1966]. 

For Information about the availability of the coefficients In 
computer-readable form and computer programs lor syn- 
thesizing field values, contact World Data Center A for 
Rockets and Satellites, Code 601, NASA/Goddard Space 
Flight Center, Greenbelt, MD 20771, USA; World Digital 
Data Center Cl, Geomagnetism Unit, Institute of Geologi- 
cal Sciences, Murchison House, West Mains Road, Edin- 
burgh EH9 3LA, United Kingdom; or World Dala Center A, 
National Oceanic and Atmospheric Administration, EDIS/ 
NGSDC (D62), 325 Broadway, Boulder. CO 80303. USA. 

The working group consisted of the following members: 

N. W. Peddle (chairman), D. R. Barraclough (vice-chair- 
man), N. P. Bankova, E. B. Fablano, B. R. Lealon, F. J. 
Lowes. W. Mundt, R. D. Regan, S. P. Srivasiava, R. 
Whitworth, D. E. Winch, T. Yukutake, and D. P. Zidarov. 
The working group wa9 assisted by the following consul- 
tants: L. R. Alldredge, F. S. Barker, R. L. Coles, E. Daw- 
son. P. Hood, R. A. Langel, S. R. C. Malln, and R. Thomp- 
son. D. I. Gough was chairman of IAGA Division 1. 

References 

Chapman, S., and J. Bartels. Geomagnetism, vol 2. pp. 611-612, 

Oxford University Press, New York, 1940. 

IAGA Commission 2 Working Group 4, international geomagnetic 

reference Held 1965.0, J. Geophys. Res.. 74. 4407-4408, 1969. 
IAGA Division I Study Group, International geomagnetic reference 

Held 1975. Eoa Trans. AGO. 57. 120-121. 1976. 

International Astronomical Union. Ini. Astron Unton Gen. Assam. 

12th 1964. 8. 594-595. 1966. 

Working Group 1 of IAGA Division 1 deals with the topic Analy- 
sis of the Main Field and Secular Variations. ' The Interests of Its 
members Include the theory and practice ot geomagnetic analysis 
and modeling, the theory ol ths origin of planetary magnetism, and 
the practical applications of geomagnetic field models. Peddle and 
Fablano are With the U.S. Geological Survey In Denver. Colorado. 
Barraclough and Leaton (now retired) are with ihe Institute of Geo- 
logical Sciences in Edinburgh, U.K.' Benkova is with the Institute of 
Terrestrial Magnetism. Ionosphere and Radio Wave Propagation 
(IZMIRAN) In Moscow, USSR. Lowes Is with the.UnlversIty ol 
Newcastle-upon-Tyne, U.K. Mundt Is with the Central Earth Phys- 
ics Institute In Potsdam. German Democratic Republic. Regan is 
with Barringer Resources In Denver, Colorado. Srivasiava Is with 
the Bedford Institute of Oceanography In Dartmouth. Nava Scotia. 
Canada. Whitworth Is with ths Bureau of Mined Mineral Research 
In Canberra, Australia. Winch Is with the University ol Sydney, 
Australia. Yukutake Is with the University of Tokyo, Japan. Zidarov 
Is with the Geophysical Institute (n Sofia. Bulgaria. 


EOS, vol. 62, no. 49, December 8, 1981 1169 


Spherical Harmonic Coefficients of the International Geomagnetic 
Reference Reid 1960 


V 


Geodynamics Series 

/Q % 

R.J. O’Connell • W.S. Fyfe editors 

Sets the. groundwork for future study 
The earth’s crustal evolution: the structure, density 
and homogeneity of the earth’s core. Its dynamics 
and thermal evolution are reported on in this essen- 
tial volume. 

Current research of geochemical and geophysical 
evolution dealing with Infernal convective motions, 
plate tectonic patterns, viscosity In the mantle, and 
Ihe history of the earth Is contained In this important 
edition. " ; , ! ; 

■300 pages • illustrated • $19.00 . 
e 20% Member discount 

^ Orders under $50 I must be prepaid |qB1 

American Geophysical Union 
■ 2000 Florida Ave., N.W. 

Washington, D.C. 20009 

Call 60t'424-24M toll free • 462-6903 (focal)' 



n 



DGRF 


IGRF 

m 

1965, 

riT 

1070, 

nT 

1975, 

nT 

1980. 

nT 

1980-85, 

nT/yr 

9 

1 

0 

-30334 

-30220 

-30100 

-29988 

22.4 

Q 

l 

1 

-2119 

-2068 

-2013 

-1957 

11.3 

h 

1 

1 

5776 

5737 

5875 

5606 

-15.9 

9 

2 

0 

-1682 

-1781 

-1902 

-1997 

-10.3 

9 

2 

1 

2997 

3000 

3010 

3029 

3.2 

h 

2 

1 

-2016 

-2047 

-2067 

-2129 

-12.7 

9 

2 

2 

1594 

1611 

1632 

1682 

7.0 

h 

2 

2 

114 

25 

-68 

-199 

-25.2 

9 

3 

0 

1297 

1287 

1276 

1279 

o.o 

9 

3 

t 

-2038 

-2091 

-2144 

-2181 

-6.5 

h 

3 

1 

-404 

-366 

-333 

-335 

02 

g 

3 

2 

1292 

1278 

1260 

1251 

-07 

h 

3 

2 

240 

251 

262 

271 

2.7 

g 

3 

3 

656 

838 

830 

833 

1.0 

h 

3 

3 

-165 

-100 

-223 

-252 

-7.9 

g 

4 

0 

957 

952 

946 

938 

-1.4 

g 

4 

1 

804 

600 

791 

783 

-1.4 

h 

4 

1 

148 

167 

191 

212 

4.6 

g 

4 

2 

479 

461 

438 

39B 

-0.2 

h 

4 

2 

-280 

-266 

-265 

-257 

1.6 

g 

4 

3 

-390 

-395 

-405 

-419 

-1.8 

h 

4 

3 

13 

26 

39 

53 

2.9 

g 

4 

4 

252 

234 

216 

199 

-50 

h 

4 

4 

-269 

-279 

-208 

-298 

0.4 

9 

5 

0 

-219 

-218 

-216 

-219 

1.5 

9 

5 

1 

358 

359 

356 

357 

0.4 

h 

5 

1 

10 

26 

31 

46 

1.8 

0 

5 

2 

254 

262 

264 

261 

-0.8 

h 

5 

2 

128 

139 

148 

149 

-0.4 

0 

5 

3 

-31 

42 

-59 

-74 

-3.3 

h 

5 

3 

-126 

-139 

-152 

-150 

0.0 

g 

5 

4 

■157 

-160 

- 159 

162 

02 

h 

5 

4 

- 97 

-91 

-63 

■78 

13 

g 

5 

5 

-62 

-56 

-49 

48 

1.4 

h 

5 

5 

81 

83 

68 

92 

2.1 

9 

0 

0 

45 

43 

45 

49 

0.4 

g 

6 

1 

61 

64 

66 

65 

0.0 

h 

6 

1 

-11 

-12 

-13 

- 15 

-0,5 

g 

6 

2 

6 

15 

28 

42 

3.4 

h 

6 

2 

100 

100 

99 

93 

- 1.4 

g 

6 

3 

-228 

-212 

-190 

-192 

0.6 

h 

6 

3 

68 

72 

75 

71 

0 0 

g 

6 

4 

4 

2 

1 

4 

08 

h 

6 

4 

-32 

-37 

-41 

-43 

1 6 

9 

6 

5 

1 

3 

6 

14 

03 

h 

B 

5 

-8 

-6 

-4 

2 

05 

g 

6 

6 

-111 

- 112 

-111 

-108 

-0 1 

h 

6 

6 

-7 

1 

11 

17 

00 

g 

7 

0 

75 

72 

7! 

70 

• 1.0 

g 

7 

1 

-57 

-57 

-50 

• 59 

-08 

h 

7 

1 

-6> 

-70 

-77 

-03 

-0.4 

g 

7 

2 

4 


1 

2 

04 

h 

7 

2 

-27 

-27 

-26 

-28 

0.4 

g 

7 

3 

13 

14 

t6 

20 

0.5 

h 

7 

3 

-2 

-4 

-5 

5 

0.2 

g 

7 

4 

-26 

-22 

-14 

-13 

f.6 

h 

7 

4 

6 

8 

10 

16 

1.4 

g 

7 

5 

-6 

-2 

0 

1 

0.1 

h 

7 

5 

26 

23 

22 

18 

-0.5 

g 

7 

6 

13 

*3 

12 

11 

0.1 

h 

7 

6 

-23 

-23 

-23 

-23 

-0.1 

g 

7 

7 

1 

-2 

-5 

-2 

0.0 

h 

7 

7 

-12 

-11 

-12 

-10 

1.1 

0 

6 

0 

13 

14 

14 

20 

0.8 

9 

8 

1 

5 

6 

6 

7 

-0.2 

h 

8 

1 

7 

7 

6 

7 

-0.1 

9 

8 

2 

-4 

-2 

-1 

1 

-0.3 

h 

8 

2 

-12 

-15 

-16 

-IB 

-0.7 

a 

8 

3 

-14 

-13 

-12 

-11 

0.3 

h 

6 

3 

9 

6 

4 

4 

0.0 

g 

B 

4 

0 

-3 

-a 

-7 

-0.8 

h 

8 

4 

-16 

-17 

-19 

-22 

-0.8 

g 

8 

5 

8 

5 

4 

4 

-0.2 

h 

8 

5 

4 

6 

6 

9 

0.2 

g 

8 

6 

-1 

0 

0 

3 

0.7 

h 

8 

6 

24 

21 

18 

16 

0.2 

g 

8 

7 

11 

11 

10 

7 

-0.3 

h 

8 

7 

-3 

-6 

-10 

-13 

-1.1 

g 

8 

8 

4 

3 

1 

-1 

1.2 

h 

B 

8 

-17 

-16 

-17 

-15 

O.B 

g 

9 

0 

8 

8 

7 

6 


g 

a 

1 

10 

10 

10 

11 


h 

9 

f 

-22 

-21 

-21 

-21 


g 

9 

2 

2 

2 

2 

2 


h 

9 

2 

15 

16 

16 

16 


0 

9 

3 

-13 

-12 

-12 

-12 


h 

9 

3 

7 

6 

7 

9 


g 

9 

4 

10 

10 

10 

9 


h 

9 

4 

-4 

-4 

-4 

-5 



g 9 6 

h 0 6 

fl0 7 
h 9 7 

g 9 a 

h 0 8 

g 0 0 

h 9 0 


g 

10 

0 

-2 

-3 

-3 

-3 

g 

10 

1 

-3 

-3 

-3 

-4 

h 

10 

1 

2 

1 

1 

1 • 

g 

10 

2 

2 

2 

2 

2 

h 

10 

2 

1 

i : 

1 

1 

g 

10 

3 

-5- 

-5 

-6 

-5- ■-. 

h 

10 

3 

2 

3 

3 

2 

g 

10 

4 

-2 

-1 

-2 

—2 • 

h 

10 

4 

|0- . 

4 • 

4 

■ • B ' 

g 

10. 

6 

4 

6 

5 

; 5 ■ 

h 

10 

5 

-4 ; 

" '-4 

• -4 ' 

■ . - 4 . 

g 

10 

6 

4 i 

. 4 

4 

•' 3 ::: * 

h 

10 

6 

0 

1 0. 

T l 

■. -M ■ 

g 

10 

7 

0 . 

• 1 

1 

; 1 "i; •. 

h 

10 

7 

-2 . 

• -I '-' ' 

. -1 

. —2 • 

g 

10 

8 

■2 : 

! 0 

O' 

r • 1 2 1;- • 

h 

10 

8 

3 

.3 '• 

■ .3 . 

. 4- 'ii ; 

g 

10 

9 1 

2; 

3 

3; 

•• 3; •>!■ •, 

h 

10 

9 

■ 0' 

••1 :• 

1 

: . — » 1 '• 

g 

to 

10 

O' 

, -T V 

-1 

0 ; 

h 

10 

10 

-8- ■; 

-4 

-6 

' . -*8 




1170 EOS, vol. 62, no. 49, December 6, 1 981 





New Nuclear Power Sources 

Nuclear elaclric-power generation sources for the future 
include two viable candidates as viewed now: the fast 
breeder and the nuclear fusion reactors. Breeder reactors, 
which produce more radioactive fuels than they consume, 
are in the realm of existing technology. They are also cate- 
gorized as potentially most harmful lo the environment. Nu- 
clear fusion reactors, on the other hand, will not be avail- 
able In this century, based on current levels of develop- 
ment. However, they will be categorized as inherently much 
safer and thus potentially least harmful to the environment 
of all fueled electric- power generators. 

Geophysicists' concern about the impact on the environ- 
ment of the two new types o( nuctear electric-power gener- 
ation ranges from the processing of mineral ores for nucle- 
ar fuels to operation of the reactors and to reprocessing 
and disposal of hazardous wastes. Of simultaneous gener- 
al concern Is the amount of weapons-grade nuclear materi- 
al produced by generating plants that could get Into the 
wrong hands. 

At this lime the new era of nuclear power generation, in 
the development of the fast-breeder reactor and of nuclear 
fuels processing, Is proceeding at record speed (n Europe, 
Russia, and Japan. Knowledge or the risks to the environ- 
ment has not been a barrier. The United Slates, by decree 
of President Carler, has had construction of the Clinch Riv- 
er breeder reactor on 'hold' lor 4 years, but design and pro- 
curement of assemblies has continued, funded by Con- 
gross. Also in the United States, research on fusion reac- 
lors is being increased, thus, the asseasmont ol 
environmental risks la now critical. According to K. O’Ban- 
ton of the Lawrence Livermore National Laboratory {Envi- 
ronmental Science & Technology. Octobor 1981), The 
problem is that we have no operating experience with com- 
mercial-scale [fusion reactors and fast-breeder reactors) 
and thus no actual data on which to have estimates of risk.' 

Present-day operating fission reactors are mostly light- 
water' reactors, in which enriched uranium fuol is shielded 
from medium-energy neutrons (that could halt the heat-re- 
leasfng nucloar chain reaction in uranium). By contrast, the 
iasl-breeder reactor uses the more fissile- fuel plutonium 
( zl9 Pu) plus uranium ( 238 U) surrounded by a blanket of ura- 
nium. The plutonium fissions and heat is produced. The 
uranium also fissions ( ZJB U captures a neutron, becomes 
2M U, and decays to 2M Pu) and produces plutonium plus 
heat. The ratio of plutonfum created to that destroyed Is 
greater than 1. Thus the fast-breeder reactor is highly effi- 
cient to (he point that expenditure of fuel will be no consid- 
eration. This unusual efficiency contributes to the risks of 
the breeder reactor. There are numerous radioactive nucle- 
ar fragments formed when plutonium fissions. 

A signiticant part ol the operational cycle of a fast breed- 
er reactor Is fuel reprocessing. The core and surrounding 
blanket must be removed from the reactor and reprocessed 
to extract fission products (which must be stored safely for 
tens of thousands of years) and to recycle plutonium and 
uranium for fuel. There would be no point in building and 
operating a fast-breeder reactor if reprocessing of the fuel 
were not part of the cycle, so the current political Impetus 
in the United States to proceed with the Cfinch River reac- 
tor ts, according to O'Banion, *. . . a de facto decision to lift 
the U.S. moratorium on reprocessing and, as a conse- 
quence, pul large amounts of weapons-grade plutonium 
Into circulation within the U.S.' He points out that in normal 
operation and recycling the flow of plutonium in a breeder 
reactor rated at 1000 MW would be expected to be more 
than 1 500 kg>yr. To centralize processing and keep the 
weapons-grade material in a protected zone would require 
an enormous facility, one that would release so much heat 
into the atmosphere that a permanent change in local 
weather patterns would ensue. The alternatives Include 
transporting spent fuel and weapons-grade material be- 
tween several tens of reactors and reprocessing and fabri- 
cation plants. 

The fusion reactors are unknown in practice, but as op- 
posed to breeder reactors, the principles are such that a tot 
lower level of risk Is involved. No weapons-grade material 
is produced, and radioactive materials and wastes are rela- 
tively tow. In ihe fusion reactor the primary fuel Is deuteri- 
um. The reaction that releases heat is the controlled nucle- 
ar fusion of deuterium with tritium, producing helium. Neu- 
trons released in the reaction are absorbed by a lithium 
blanket, and heal is released. The luei is first heated to ihe 
ionized plasma state at about 10 s K. The fuel must be iso- 
lated either by magnetic lioid confinement (as in the cur- 
rently planned designs) or by inertial confinement to main- 
tain the prasma stale. 

The dangerous radioactive materials in a fusion reactor 
include only tritium (tritium is both used up and formed In 
the procoss, so once the reactor starts up, no additional tri- 
tium fs needed) plus the parts of the reactor structure 
whose components become activated end thus radioactive. 
The high-energy neutron (lux in a iuslon generator Is mostly 
absorbed by the reactor process, but Ihe reactor Itself ab- 
sorbs some, and neutron bombardment not only produces 
radioisotopes by activation but weakens the structure. Parle 
of the structure wilt have to be replaced periodically, and 
Hka other radioactive waste, must be stored confined for 
thousands ol years. 

The release of hazardous radiation and radioactive va- 
pors and products oi Ihe new generation ot reactors into 
the atmosphere end elsewhere wilt be carefully monitored. 
The problems for geophysloista concerned with radioactive 
waste storage above and below groyod and on the ocean 
floor will Increase wiih the new gerieratton.—PWff 88 


Women Ph.D.'s Careers Lag Men’s 

Numerous studies of male and temale Ph.D.'s have 
found wide differences In academic rank and pay. Now a 
sludy by a National Research Council committee debunks 
the traditional reasons given to explain the disparity. This 
sludy, which analyzed matched triads of Ph.D.'s, concluded 
that neither the perceived greater restraints on the career 
mobility of women nor the greater likelihood that women 
will Interrupt their careers for child rearing explains ade- 
quately Ihe differences between male and female Ph.D.'9. 
Discrimination appears to be the most likely root. 

When male and female Ph.D.-holdlng faculty are 
matched by years of experience, academic field, and edu- 
cational background, lemalea are less likely to advance In 
rank and are likely to earn lower salaries than their male 
colleagues, according the 'Career Outcomes In a Matched 
Sample of Men and Women Ph.D.’s,' an analytical report 
by the Committee on the Education and Employment of 
Women In Science and Engineering. This matching— of two 
men and one woman Into 5164 groups— removed a large 
pari of the variability between Ihe male and female popula- 
tion, states the report, authored by Nancy C. Ahern and 
Elizabeth L. Scott. 

’Objective factors alone cannot account adequately for 
the career differences which exist between male and fe- 
male Ph.D.’s,' the report said. Among the study's findings: 

• Of the 1316 women who earned their doctorates be- 
tween 1970 and 1974, about two thirds were married, but 
less than half had children. Only one tenth of the women 
with children were not working In 1979. Married women 
with children were just as likely as unmarried women with 
no children to have senior faculty rank. 

• In promotions of junior faculty, women lagged behind 
men, regardless of martial status, presence of children, or 
their primary orientation toward research or teaching. 

• Female assistant prolessors who changed employers 
between 1975 and 1979 did not materially Improve their 
status, while men who moved did. Women faculty were 
more likely than men to have changed employers during 
those 4 years— 28% compared to 19%. 

« Females' salaries at major research universities are 
significantly below the estimated salaries for men with simi- 
lar characteristics. The estimations account for such work- 
related variables as full-time status, primary activity, and 
type of institution where employed. The study does not, 
however, include measures of research productivity. 

• There Is no evidence for reverse discrimination In ob- 
taining employment. Even for Ph.D. recipients between 
1975 and 1978, Involuntary unemployment was two and a 
half times higher for women than tor men. 

• One quarter of Ihe recent female Ph.D.'s hold academ- 
ic positions that are nontenure track; the rate lor matching 
males is 15%. 

• Among those who received their Ph.D.'s In the 1940'e 
and 1950's, 87% of the men are full professors; 64% of the 
women In the category have attained such heights on the 
academic ladder. In this same category, women earned, on 
average, 11% less than men. Females who earned their 
doctorates after 1975 fare not much better. Depending on 
field, men's salaries are between 2 % (mathematics) and 
15% (chemistry) higher than women’s salaries. Figures for 
earth sciences were not reported because of a small sam- 
ple size .— BTR $ 

Solar Neutrinos Captured at Homestake 

The nuctear fusion processes In the sun are not clearly 
understood, but solar geophysicists Ray Davis, of the 
Brookhaven National Laboratory, and Ed Fireman, of the 
Smithsonian Institution, are Improving on physical models 
ot solar processes by studying the solar neutrino flux. They 
are doing this by capturing neutrinos and analyzing them 
with apparatus located a mile below the earth’s surface In 
the Homestake gold mine In South Dakota. 

This study has led recently to a few surprise findings re- 
lated to lundamenlal properties of both the solar system 
and matter. The flux rate of solar neutrinos Is closely tied to 
the Iuslon rates and thus the solar system release of ener- 
gy. The rates are also a measure of the ultimate stability ot 
matter In the universe, the ultimate loss of mass. 

The measurements are done In the deep gold mine to 
avoid Interference fn the analysis by other, less energetic, 
processes. High-energy electron neutrinos released from 
the sun a Interior travel last to the earth and penetrate. The 
analysis Involves monitoring the decay ol 37 Ar, formed from 
‘ ha ‘ w ® 8 activated by a neutrino. Ray Davis achieves 
55 7 8l ° rin » a ^tilled with 100,000 gallons of chlorine- 
rich dry-cleanrng fluid (tetrachloroethylene) In the mine and 
counting the argon decay reaction. These 'counts mtton 
compared with theoretical solar models. According to a re- 
cenl report by the Smithsonian Institution ( Smithsonian Re- 
search Reports, Autumn 1981): V n/fln He 

The best theoretical prediction for the solar neutrino 
J aloms per day should be seen, but 
^ Bt peri 1 0na _^ un,In0 ratG ln ,he m,n ® lank Is onlv 
*2/ °!f Br da y- or about three to tou times 
; less than predicted. The missing neutrinos once ^ 1 : 
paused some concern among solar ohvstcist* W 

there wae something wrong with the theory ^ 
about how the sun produces Its energy. Howevertho 1 

- EK 9 solar neutrinos change Into thr&e dte- 
Unci types during their eight-minute 


Magnetic Monopoles Redux 

In connection with the most Interesting note by J. c Cain 
(Eos, September 22, 1981) on the possibility that go 0 do* 
not vanish, It Is worth remembering that the suggestion of 
searching for a nonzero value goes back to Gauss, consid- 
erably before Vestlne (and Direct). In his Allgemelne 
Theorle das Erdmagnetlsmus (1839), Gauss wrote: 

The question remains whether or not a detectable 
surplus of one or other kind of ’fluid’ (l.e., magnetic 

pole) exists In an Isolated magnetic body 

In our theory, the only effect of such a nonequity 
would be that P° (l.e., go 0 ) would no longer equal 0. In 
the future when a much more abundant sei of observa- 
tions Is available, it may be possible to determine 
whether or not a nonvanishing value of P° Is re- 
quired 

Magsat would appear to have provided the observations 
so wished for by Gauss. 

G- D. Garland 
Department of Physics 
University of Toronto 


With regard to Joseph Cain's query In Forum on magnol- 
ia monopoles: could they add up to an observable gb° lor 
the earth? I refer him and other physicists Interested In this 
to a paper of mine (Phys. Rev. D.. 8, 2245, 1970), wherein 
I searched for magnetic monopoles in the moon, using Nor- 
man Ness’ Explorer 35 (anchored IMP) magnetometer 
data. It was shown that any net lunar magnetic monopolos 
would influence the magnetic field In the lunar wake, and a 
scheme was developed lo compare the lunar wake field 
with the undisturbed Interplanetary field. The search result- 
ed in negative findings and placed the upper limit on the 
average difference In the number of monopoles within the 
moon at 1.6 :< 10 -7 cm" 3 or 7 /. 10" 32 per nucleon. This 
probably represents the lowest value per nucleon estab- 
lished anywhere, Insofar as an entire astronomical body 
was examined. With regard to the terrestrial test Joe Cain 
suggested, the large terrestrial field implies that the moon 
would be a better test object, however the earth’s field Is 
better mapped. 

Kenneth H. Schatten 
Laboratory for Planetary Almosphm 
NASA/GSFC 


sun. Thus, the tank experiment Is successfully detect- 
ing the one-ln-three solar neutrinos reaching Earth. 

The 'gauge theories’ explain the Instability of all matter- 
For example, atoms heavier than hydrogen disappear pro- 
portionately faster; according to the Smithsonian report, me 
theories calculate \ . . the rate [of disintegration! one pot® 1 
slum atom In every 2.5 x 10 32 atoms, some 160 tons of 
potassium, may disappear each year.’ Davis 1 colleague, to 
Fireman of the Smithsonian, is testing some of these possi- 
bilities by studying nuclear decay reactions ln a 2 -ton mass 
of potassium salt stored In a mine railway tank car locate 9 
right next to the dry-cleaning fluid tank. The 37 Ar produejon 
In potassium Is not caused by neutrino Interaction but oy 
energetic muons whose origin Is the cosmic ray flux Inat 
Impinges upon the earth’s surface. Cosmic ray muons pro- 
duce some of the heavy argon In Davis' tank, so Ihem®" 
from Ihe potassium mass can be used to determine oam- 
ground’ argon. David finds that after subtraction of the cos- 
mic ray muon-produced background his counts Include 
about 85% heavy argon, produced by solar neutrinos- 
Davis says that the new results allow the possible ^ 
pretatlon provided by the ‘unified gauge theory 1 and nwwr 
cent Idea that neutrinos have mass. He cautions, howew. 
thal a slightly more likely explanation Is that the solar 
el may require revision. . nntAS . 

Fireman has now placed an additional tank car ol p 
slum hydroxide In the gold mine to Improve accuracy, w 
cording to the report: 

To refine the counting technique, Fireman has 
In the mine a second tank car filled with potassium y 
droxlde, or common lye. in addition to obtaining a . , 
more accurate value for the cosmic-ray correction , 
the solar-neutrino experiment, Fireman hopes too.. . 
op the technology for a larae-scale radiochemical w 


of the stability ot matter Itself, which may 
Important implication of the ’gauge theories.— 

. \ 

Special Reports Kraffla Volcano . .. J 

Careful study of a series of intrusions and 
Krafla has added substantially to our understarrtW^^ 
processes at rifting plate boundaries. During 
dozen deflation events between 1975 and Krafft 
the magma that left the shallow . reservoirs ben®am i j 
formed dikes In toe fissure zone extending nbnM^.g 
of the caldera, with only minor amounts reachiW,-^ 
facejn assbclatederuptlohs, The character of KigL* g 
tlvtty changed In 1980;% the 
rfft(ng eplaode began lh: 1675 were associated 
n i u| y*" d October^) ^and.January-Febr^,! •- T 
- Krafla CalderatM^vafn Hrea, Iceland, 

;*fter mor* than 
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without an Intrusive event or eruption at Krafla, Instruments 
recorded the simultaneous onset of deflation and harmonic 
iremor at 0036 on November 18, followed by the start of a 
fissure eruption at 0152. Between 0400 and 0500, geolo- 
gists flew over the active fissure and observed vigorous 
lava fountalnlng, feeding flows that had advanced as much 
es 5 km to the west. Rales of lava extrusion along the fis- 
sure varied but were probably the most voluminous seen 
since activity began In December 1975. Extrusion occurred 
along toe entire fissure, which extended from near the cen- 
ter ol toe caldera about 8 km to the north (toe October 
I960 fissure vents were In almost the same location but 
slopped about 1 km north of the southern end of the No- 
vember 1981 fissure). Strong northerly winds blew some 
scoria onto the nearby power station, but no damage oc- 
curred. Discrete earthquakes initially accompanied harmon- 
ic tremor but slopped after a few hours. By 1000, lava ex- 
trusion had weakened considerably and was confined to 
three 1 -km-long segments of the fissure. Inflation resumed 
November 22. but minor eruptive activity continued. Lava 
extrusion stopped early November 23, but late that after- 
noon occasional minor spattering resumed. Initial recon- 
naissance mapping indicates that lava flows covered 1 6-20 
km a and that the longest flow traveled roughly 6 km from 
the fissure. 

Krafla last erupted January 30-February 4 from fissure 
vents 8-9 km north of the caldera. Inflation resumed as the 
eruption ended and continued until just before the Novem- 
ber eruption. During previous periods of Inflation, the Utt 
data were consistent with a single center of uplift beneath 
Ihe caldera, but since February 4 toe deformation pattern 
has been more complex and may indicate multiple centers 
of uplift. 

Information contact: Karl GrOnvold, Nordic Volcanologlcal 
Institute, University of Iceland, Reykjavik, Iceland, ft 
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Researches . . . 

-—focal mechanism solutions 
and their tectonic Implica- 
tions for the entire region 

—the problems of seis- 
micity and continental 
subductlon along the 
Chaman and subsidiary 
faults 

—surface wave dispersion and attenuation studies. 

The latest data on the isotopic dating of Himalayan 
rocks is presented and the geochemistry of an 
undisturbed ophiollte sequence Is discussed. 
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New Publications 


Resolution Num6rlque D’une Equation 
de Diffusion Non Llnealre 

M. Vauclln, R. Haverkamp, and G. Vachaud, Presses Uni- 
versities de Grenoble, Grenoble, France, 183 pp. 1979. 

Reviewed by J. W. Delleur 

Numerical methods make It possible lo solve complex 
problems of subsurface hydrology without resorting to 
mathematical simplifications that may be necessary for 
closed-form solutions but are physically unrealistic. The 
ever increasing capabilities of digital computers make these 
numerical simulation models Increasingly attractive to re- 
searchers and engineers. The prediction of toe water flow 
In the unsaturated zone between toe atmosphere and the 
water table requires a reliable numerical model that has a 
reasonable utilization cost. This book Is concerned with toe 
problems associated with these numerical simulation mod- 
els. It is more specialized than Its American counterpart. 
Numerical Methods in Subsurface Hydrology, by 1. Rem- 
son, G. M. Hornberger, and F. J, Molz (Inlersctence, New 
York, 1971), which is also concerned with saturated media 
and Includes an Introduction to the finite element method. 
The book under review Is limited lo the application of the fi- 
nite difference method lo toe several forms of toe differen- 
tial equation for toe vertical movement of water In the un* 
saturated zone. This differentia) equation is nonlinear and 
difficult to solve because of the dependence oi the parame- 
ters — the hydraulic conductivity, the capillary potential, and 
the capillary diffusely— on the soil moisture content. Nu- 
merical solutions are, therefore, frequently substituted lor 
exact solutions that are difficult to obtain or nonexistent. 

The main contribution of this book Is its emphasis on too 
convergence and stability properties for toe several basic 
equations taking into account Ihe nature of the discretiza- 
tion scheme and the treatment ot the nonlinearities. The 
book is written in a very concise style, and ihe majority of 
the mathematical and technical terms are very similar in 
French and English, which makes ihe book quite readable 
even for those with a limited knowledge of French. 

In Chapter l the basic equations lor water transfer are 
developed. These are the ‘local budget model,' which con- 
siders toe water mass conservation In a soil element; toe 
'decomposed model,’ which separates the diffusive and 
convective aspects of toe water movement In soil; and the 
'Kirchhoff model.' based on the flow potential U(h\ or fhe 
Kirchhoff transformation 

U(h) = j K(b) dh 

•'I'D 

where K la toe hydraulic conductivity and h Is toe effective 
pressure (suction) head. All equations are treated in a di- 
mensionless lorm. The well-known quasi analytic solution 
of Philip [Australian J. Phys., 1957] Is used as a standard 
of comparison lo evaluate Ihe performances of most of toe 
numerical finite-difference schemes found in the literature 
and of some new ones. Experimental results are also used 
lor comparison purposes. 

Chapter II Is concerned with the linear case that Is ob- 
tained by assuming toe capillary capacity (C =t»/dh, where 
6 Is the moisture content and h Is Ihe effective pressure 
head) and toe hydraulic conductivity, K, remain constant. 
This case provides a lower bound of toe discretization pa- 
rameter M = Af/Az 2 . Even in Ihe linear case toe finite dif- 
ference schemes perform belter asymptotically than they 
do during the transient, owing to a unit step change fn equi- 
librium condition. 

Chapter HI lists 40 finite difference discretization 
schemes of toe three basic nonlinear differential equations. 
The problems associated with the numerical Integration are 


set forth: (1) the choice between the explicit. Implicit, and 
Crank-Nicolson schemes; (2) Ihe problem of linearization or 
Ihe choice ol Ihe value thal C lakes between I and t + A /; 
(3) Ihe choice of the value of K at time t + AJ (for the im- 
plicit schemes); (4) Ihe problem of weighting or choosing 
Ihe value of K at Ihe points z \zi2 and z - Az/2; (5) ihe 
convergence of toe discrete operator to toe differential op- 
erator; and (6) the choice of the initial model. 

Chapters IV and V present a critical analysis of the con- 
vergence of toe numerical solutions of the infiltration equa- 
tion In unsaturated Yolo light day and in sand for surface 
conditions of infiltration by ponding (head condition) and by 
rainfall or sprinkler Irrigation (constant flux condition). The 
effects of weighting and linearization on the truncation er- 
rors are analyzed for the several schemes. For the head 
condition, numerous graphs exhibit toe time variation of the 
relative error between the Philip and the numerical solu- 
tions obtained at different depths, tor different mesh sizes 
for the several schemes. Theoretical truncation errors gen- 
erated by the different schemes are tabulated. In addition lo 
the accuracy of the solution, the cost or computer lime as- 
sociated with these solutions Is considered. Several dia- 
grams give the error In the infiltrated volume and the com- 
puting time (IBM 380/67 with 32 bits words) as a function ol 
the discretization parameter M for the belter schemes. For 
toe case of constant flux there is no known exact solution 
that can be used for retoronco. The Influence ot too weight- 
ing scheme fs shown In graphs (hat exhibit too relalivo wa- 
ter budget as a function ol limo (or different mesh sizes for 
several numerical schemes. 

Chapter VI is concerned with the application ot the local 
budget model to too simulation of infiltration in n stratified 
medium and Ihe comparison with experimental results. 

Several important conclusions follow from this sludy: cer- 
tain publishod schemes yiold unacceptable errors, the 
weighting mode has a great importance on the numerical 
solution, the effect of linearization Is different among toe dif- 
ferent discretization types, the analysis ol truncation errors 
olucidalos (he behavior of the different schomes. the finite 
difference schomos are better adapted to the asymptotic 
behavior than lo the transient bohavtor. and the numerical 
schemes that are stable and give toe same asymptotic be- 
havior may give different transient solutions. Thus, for prob- 
lems involving coupled transfer (such as water and pollut- 
ant or water and heat) it Is important to choose a mode) 
with small errors in the kinetic behavior. 

Two appendices give the details ot the discretization 
schemes and a computer program (or the quasi-analyiic 
solution ol Philip. 

This book Is not written as a lextbook in subsurface hy- 
drology but is Intended to give the user ol numerical mod- 
els very important information on Ihe mode of applicalion 
and Ihe performances to be expected from the several nu- 
merical schemes. In addition lo the extensive list and com- 
parison of models found in the literature, some new ones 
are presented. These models and comparisons have been 
developed by the authors and their graduate students dur- 
ing recent research on toe subject at toe Institute ot Me- 
chanics of the Scientific and Medical University of Greno- 
ble, France. 

The book is an essential reference for those concerned 
with the numerical solution ol subsurface hydrology. It is ol 
Invaluable assistance in avoiding unsuitable methods (hat 
may not converge, may become unstable, or may require 
excessive computer lime. II will also assist the user in 
choosing from the stable and convergent solutions one that 
has tolerable error and that requires reasonable computer 
time for the problem. 

J. W. Delleur Is with the School ol Civil Engineering, Pur- 
due University, West Lafayette. Indiana. 
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POSITIONS AVAILABLE 

University el North Caroline at Chirlottoi 
Paoully Position In Berth Bolonoos, The 

Department ol Geography and EarthSctowea of- 
fers an InterdsefpHnary major In SdwjOM. 
which Includes a geology irsok and a developing,, 
locus on wslsr resources. The department » sew- 
ing to fill a tenure track faculty poalttonel Hie as- 
sistant professor level t p begirt July 1B82. 

StratlgraphBr/Sedlm0ntolofll8l--To t 8 ^f tfatf 0 T • 

raphy, sadimenlary processes 

gTas well as Introdudory svel 

courses and to contribute to research and MnricS 

actlvltfes. Ph.O. required tor tenure track appoint- 
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partment 

■ . . 
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assist in teaching graduate course laboratories 
dealing specifically with electron mloropraba analy- 
sis. Salary wM be up to S25.0OCV12 months. 

Applicant should send supporting data and toners 
of recommendation to: 

Dr. E. L Thurston . 

Texas ASM University 
. Btotofifcti (fctonoee Bulkflng 
Cofege Station, Texas 77843 
Texas ASM is an equal opportunliytofilrmaUvs 
action employer. 

Faculty Petition In Qeephyetaeretnretunri 
Ototopy/1 nehwwring Oeoloey. The Depart- 
ment of Geological Sciences si Case Western Re- 
serve University In Cleveland. Ohio is seeking can- 
dWatoe to 111 an uiMp&ffld faculty position in the 
broady defined areas of geophystoatolmcturel gsot- 
ogyfengfneertng geology. Wile Held ol Meptotaa- 
Son to open, the auecwalul candkiate w be 
ohargod wfih conducting the Department's teaching . 
programs In geophysics at Ihe graduate and Under- , 
graduate levels, In addHton to carrying out a vigor- , 
ious research program- Ample opportunities extol 
for research ootfsboratioit both wtlhin the Depart* 
msnt ot Qeotoflfcal Sciences and with faculty mem- 
bers In toe 8 chool of Entifneering . 1 

- Ph.D. W BqutvaJenl fs required Pteaea submit 
applications,, consisting of risumfc names ol Ihrea 
references and a slaiemerit of research and laech- 
Interests Kx 

Samuel M. Savin 

i Department of Geotogfcal Scteneee . 

Casa Western flewrve University 

Cleveland, Ohio 44106. 

' Case Western Reeerve UnlvweHy to an equal op- 

pprtunffy/atfirmative action employer. 


Faculty Poaltlon/ASU. The Department ol 
Chemistry at Arizona State University invites appli- 
cations lor a possible tenure track position al Ihe 
assistant prolessor level in one ol the following ar- 
eas: (1) Synthetic Sobd State Chemtolry; (2) Si*- 
laca Chemistry; and (3) Atmospheric or Low -Tem- 
pera furs Geochemistry. Candidates should have 
demonstrated m their Ph.D. andtor postdoctoral 
work the a baity to develop a vigorous and Innova- 
tive research program In one or more of ihe above 
areas and have a commamerit lo instructional ax* 
cadence. A resume, brief description of research 
plant, and three letters ot recommendation should 
be sent 10 Professor Wititem 8. QJaunalnger. Chair* 
purv, Sesroh Cocnmotee, Department of Chomixtry, 
Arizona Stale University. Temps, Arizona 65267. 
EOfAA employer 

Petrofegy/Oeeohemfstvyr Florida Intern*- 
ttanel UnWerelty. Applications ere fowled toi 
one tenure track position (asetotenl professor} 
avaiabie from August IMS. The successful oandf- . 
date wM be axpwxed to teach at ihe undergraduate 
level and pursue a vigorous research program. The 
apptioani should have e background In petrology 
end geochemistry. Highly quafifled candidates In 
the anas ot geophysics or hydrogeology may stoo 
be considered. Applicants should have a Ph.D- de- 
gree. Closing dele March 15. \B 62 . AppemUona In- 
eluding a curriculum Wee. research Ini waste, end 
ttvee lertere of rblerenee should be sent to: 

Dr. Leonard Kefler . Chairman, Department ot 
physical Science*. Florida international Unhwsi- 
ly, Tamtoml TroB, MtamL Ftortda 33I9S. 
fill la a rfiember ol Ihe Slate University System 
ot Ftortda and to an equal opporturetyt&ftrm&ttvfr 
action employer. * 
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Geophysicist 


Work toward tomorrow’s 
innovations with today’s 
leaders in the field 




Hardy Associates provides a wide range of profes- 
sional consulting services in the fields of materials 
and geotechnical engineering. Based In Western 
Canada (with more than 600 on staff), we offer 


a multi -disciplinary approach to problem solving that utilizes a 
unique blend of International education and experience. As a re- 
sult, this is an opportunity to work with some of the field's best 
known and most respected professionals. 

Expansion In our Calgary Geophysics Department has created an 
immediate need for an experienced geophysicist to supervise and 
coordinate professional staff working on a variety of specialized 
mineral, engineering and geophysics projects. 

You must have a recognized degree In Geophysics supplemented 
by several years practical experience. Knowledge of seismic and/ 
or electrical methods plus supervisory experience would be a defi- 
nite asset. 

These needs are Immediate but there is a variety of opportunity at 
Hardy. If we sound like your kind of organization but your back- 
ground does not match exactly please drop us a line. We’re eager 
to hear from all professionals in the field and will answer your In- 
quiry promptly. 

To lind out more— contact Ed Davies, Human Resources Manag- 
er, quoting reference #AG0852. Your confidentiality Is as- 
sured. 

Hardy Associates {1976) Ltd. 

Suite 1350 Weber Centre 
5555 Calgary Trail 
Edmontortr Alberta T6H 4J9 

HARDY ASSOCIATES (197BJ ltd. 

- W CONSULTING ENGINEERING S. PROFESSIONAL SERVICES 


University of the West Indies 

Applications are invited for the following vacancies: 

SEISMIC RESEARCH UNIT 

Senior Research Fellow/ 
Research Fellow 

Qualifications in geophysics, geology or numerical processing of 
seismograph data required. Interest in the geological/qeoohvsl- 
cal problems of the Eastern Caribbean desirable. 

Salary scales: (To be reviewed) 

• Senior Research Fellow: TT$38.616 x n fid 


• Senior Research Fellow: TT$38,616 x 1164 - 

„ , 49,092 

• Research Fellow: TTS29.784 x 1164 - 36,786 (Bar) 

x 1164 - 43,752 per annum. 

Unfurnished accommodation if available at 10% or furnished at 
12 /* or housing allowance of 20% of pensionable salary U D 
to five full economy passages on appointment and on normal 
termination. Study and travel grant. Detailed application nam- 
ing three (3) referees to: 


Secretary 

University of the West Indies 
St Augustine/ Trinidad 

Details of posts sent to ail applicants. 


Itruotural Oeeloglst/Univeraltv of Wyo- 
ming. The University oJ Wyoming, Department of 
Geology and Geophysics seeks applicants (or a 
(enure track appointment In structural geology ex- 
pected to be available beginning fall semester 1982 
or earlier. Duties will Inctuda teaching of undergrad- 
uate and graduate courses In ettuclural geology, 
supervising MS and PhD theses, and research In 
structural geology. Appointment at assistant profes- 
sor level is preferred, but applicants requesting ap- 
pointment at higher rank will be considered. Salary 
open. Applicants must have PhD degree and be 
versed In quantitative theory as well aa field appli- 
cations or modern structural geology and regional 
tectonics. 

Applicants should provide, by January 1, 1982. a 
resume, three letters of reference, and a letter ol 
application including a statement ot current re- 
search interests and courses which the applicant 
feels qualified to leech. Applications should be sent 
to: 

Dr. Robert S. Houston/Head 

Department ot Geology and Geophysics 

University of Wyoming 

Laramie. Wyoming 82071-3006. 

The University of Wyoming Is an equal opportunl- 
ty/afflrm stive action employer. 

University of Montana, Department of Oe- 
ology/Two Positional Tectonics and Paleon- 
tology. Applications are invited (or two tenure 
track positions: tectonics with focus on western 
North America, and paleontology-blostratlgraphy- 
paleoecotogy. Both positions begin September 1, 
1682. Applicants must have the Ph.D. degree or 
expect completion by summer 1882. Send letter of 
application, resume, an outline of teaching and re- 
search Interests, and other pertinent material and 
have at least three tetters ol recommendation sent 
to Donald W. Hyndman: Search Committee Chair- 
man; University of Montana: Missoula, Montana 
69812. Deadline lor applications is March 15. 1982. 

The University ol Montana Is an affirmative ac- 
Uon/equal opportunity employer. 

Research Aseoolato/Theorelloal Physical 
Oceanography, Applications Invited for two post- 
doctoral research associate positions in ths School 
ol Oceanography, Oregon Stale University. Appli- 
cant will conduct research In theoretical modelling 
and observational comparisons ot ocean circula- 
tion. Ph.D in mathematics or the physical sciences. 
Submit resume, brief statement ol research Inter- 
ests and three references by 1 January 1982 to 
Prof. Peam P. NHter, School ol Oceanography, Or- 
egon Stale University. Corvallis. Oregon 97331. 

An affirmative actlon/equal opportunity employer. 

SolsmologlovUnlvorsity ol Utah, Search 
extended: the University of Utah is expanding Its 
geophysics program In the Department of Geology 
and Geophysics by adding a tenure track (acuity 
member In seismology el the assistant to associate 
prolessor level. Applicants with backgrounds and 
Rpeclaltles In seismic reflection, seismic imaging, 
and theoretical seismology wilt be given preference. 
The Individual will be expected to teach undergrad- 
uate and graduate courses, and to pursue an active 
rosearch program wllh graduate students The de- 
partment haa modem teaching and research pro- 
grams In geology and geophysics, and has close 
associations with the numerical analysis and data 
processing groups In computer science, electrical 
engineering and mathematics. The geophysics 
component of (he department has strong research 
end teaching programs In seismology, electrical 
and electromagnetic methods, thermal properties of 
the earth, and potential tlatds. Current research in 
seismology Includes: selsmologlcal and earthquake 
research utilizing a new PDP 1 1/70 computer with 
plotter and terminals; monitoring of the Intermoun- 
tain seismic belt by a 55 station telemetered net- 
work utilizing a new on-line PDP 1 1/34 computer, 
major experiments In seismic refraction profiling, in- 
vasilgstfons of seismic propogatlon Irom synthetic 
selBmogiame, application ol Inverse theory to sals- 
mology, seismic properties of volcanic systems and 
allied research In tactonophyelca. The dosing date 
for applications is December 31, 1981. A Ph D, is 
requited lor this position. Applicants should submit 
a Vila. Iranscripts, a fetter describing his/her re- 
search and teaching goals, and names of five per- 
sons lor reference to William P. Nash, Chairman, 

ff* G 8 °P h y alc8 * University 
ol Utah, Salt Lake City, Utah 84112. 

ih^ l i!X ty ° f H ,flh b m ® c ’ ual oPPortunlty/affirma- 
uve action employer. 


Lehigh Unlvwalty. Research Associate (Poa 
Doctoral) position Involving a study of the geo- 
chemistry of meteorllfc metallic phases. SoSWifw 
lion experiments are planned wllh Fe-NI-S-P-C 
malls to determine partition coefficients ol qbo- 
chemically Important minor elements— lr, Q e /u. 
etc. Goal Is to Investigate behavior of particular de- 
ments during the solidification of the core and m&v 
He of asleroktai parent bodies. 

The position la available after January f, 1932 
Lehigh University in an equal apportunityaffinraliva 
action employer. Send vita and the names ol three 
references to Professor Joseph I. Goldstein, De- 
partment of Metallurgy and Materials Englneerino 
Bldg. #6, Lahlgh University, Bethlehem, PA 18015. 

Postdoctoral Fellowship/Department of 
Oceanography, University of British Colum- 
bia. Available January 1 , 1 982 for studies ot the 
mineralogy and geochemistry of deep ocean ferro- 
manganese nodules and (he relationships between 
nodules and their associated sedlmenis. Salary 
$18,000. Send curriculum vitae, statement ol re- 
search, interesls and names of three referees to: 

S. E. Calvert, Department of Oceanography, Uni- 
versity of British Columbia, Vancouver, B.C Cana- 
da V6T tW5. 

Petrologlat-Eoonomio Mlneralogltt/Unlven 
slty of Oklahoma. Applications are Invited lor 
e tenure-track position, effective September 1, 1992 
at the assistant prolessor level, In petrology end 
economic mineralogy. The successful applicant is 
expected to teach graduate courses In his/her spe- 
cialty, to help teach undergraduate courses In min- 
eralogy -optica-petrography, end to pursue an active 
research program. Consulting and Interacting with 
mining companies a/e encouraged. 

The University ol Oklahoma has mads a major 
commitment to diversify the program in the School 
ol Geology & Geophysics As a result live tenure- 
track positions are open lor the (all ot 1982. Six 
new faculty were added lo the School In the fall ol 
1981 (bringing the total full-time faculty lo 15), and 
an additional six positions will be available during 
1683-1985. A new building that will house the 
School Is In the deeign stage, and Ihe successlul 
applicant will participate in equipping li. 

The Ph-D. degree Is required for this position. 
Preference will be given to pstrologlets with a 
strong chemistry background and with a demon- 
strated Interest in the economic geology ol metallic 
and non-metalllc mineral deposits. Qualified appli- 
cants should arrange to send transcripts ol all col- 
lege and university work, resume, statement of re- 
search Interests, and three letters ol reference to: 
Or. Maryellen Cameron, School of Geology and 
Geophysics, University of Oklahoma. Norman, 
Oklahoma, 73019. Deadline for applications is De- 
cember 31, 1981. Faculty members from the 
School will be Interviewing at the November G.SA 
meeting In Cincinnati, Ohio, and at the December 
A.G.U. mealing In San Francisco, California. 

The University ol Oklahoma does not discrimi- 
nate on the basiB of race, or sex, and Is an equal 
opportunity employer. 

Geophysical Fluid Dynamlolst/Phyeloal 

Ooeanographer. Applications are sol felted for a 
Junior faculty position In ocean physics or dynamics 
to begin in Ihe academic year 1982-83. Areas ol 
interest to the Department Include analytical, nu- 
merical and laboratory modeling of physical proc- 
esses and phenomena In the sea. 

Yale University Is an equal opportunliy/sffirmBtive 
action employer and encourages woman and mam- 
bare of minority groups to compete tor this position. 

Curriculum vitae, publications, and the names ot 
three or more referees should be sent by 31 De- 
cember 1981 to: Robert B. Gordon, Chapman, De- 
partment of Geology and Geophysics, P.O. Box 
6888, New Haven, CT 08511, 

Hydrologyi Tenure Track Poeltlort al A** 
•latent or Associate Professor Level. Can- 
didate should be a speclallai In some quantHatfre 
espocl of itydrology wllh demonstrated aktla In jw- 
mulallng hydrologic models, and a background n 
transport phenomona. Academic or professional 
credentials al Ph.D. level required. 8larlMg date 
nsgollable but could be nB early aa AuguallBoZ. 
Resumes, etc., Bhould be roceived by Marat 1 , 
1982. Interested persons should request Job de- 
scription Irom: Dr. E. S. Simpson, Chairman. 
Search Committee, Department ol Hydrology aro 
Water Resources, University of Arizona, Tucaon. 

Arizona 85721. 

Equal opportunlty/afflrmatlve action employ®*- 


Vincent C. Kelley and Leon T. Silver 
Graduate Fellowships 
department of geology 

the UNIVERSITY OF NEW MEXICO 

p5ca?S rll tor nl |hi G w 0l0SV , °i lha UnlV8rsl, y ot New Mexico Invites ap- 

S j -rl * c - Kall8 y and Leon T. Silver Graduate 

t, ip8 , wi11 ba awardad °" <•» » aaia »' tf,a 

fellowship win nrmfirfcM Ca « 0m c prornlae of graduate applicants. Each 
9 to 1 2 momh^and^uVtn s;?nnru ° US ! v,n « a,l P end of $1 ,000/month for 
The Caswell Sliver or traval and re88arch expenses. 

The awards are madflnn an' If" * 1 U W all tuition and university fees, 
three years as lonn , ai \ nual baa,B . but may be renewed tor up to 

Infl and showVevfdenc^of^ al?nif , | , «I^ ,n,a,n8 excel,6nt acad0ml ° 8land ‘ 

will be given to hutin nn. L fl > ^ nt pr °9 re88 In research. Preference 
given to, but is not restricted to, applicants for the Ph.D. program- 

Gra^tf^ecord^x^ ® raduate Program, transcripts,; 

reference and a brief ' ma,h & ° eolooy) > three letters of^ 

stderatlpn tor ihe iBlIowlhTnp A r ® seaf °h floats are required for oon-: 
from: owahlps. Application materials may be obtained 

Rodney C. Ewing 
; Department of Geology 

\ University of New Mexico ' • AIUIIM? 

' .^"WWerque, New Mexico 87131'. . . 
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Books About the Earth's Energy and 
Mineral Resources 


Thtfolfowlno hardcover booki ere available directly 
fojm u» or through book dealer* tn all part* at lha 
world. 


miL DEPOSITS: ORIS IN, EVOLUTION, AND PRE8ENT 
CHARACTERISTICS. 1980. 590 p„ IlluitraUoni, blbllo- 
siutw. Indei. SIM- 

COPPER DEPOSITS: ORIBIN. EVOLUTION. AND 
PRESENT CHARACTERISTICS. 1978. 339 p., Illustrations, 
btitioartphy. lode*. $79. 

BAjmTOUAKESi CAUSE, PREDICTION, AND CON- 
tool 1>77- **1 p. Illustration*, bibliography, Index. $103 
lue EARTH'S TECT0N03PHERE: ITS PAST DEVELOP- 
MENT AND PRESENT BEHAVIOR. 9nd ad. 1977. 481 p., 
llhiitMlIon*. bibliography, Index. $30. 

MOTHERMAL DEPOSITS: ORIGIN, EVOLUTION, AND 
PflESENT CHARACTERISTICS. 1978. 992 p„ Illustrations, 
bigilagriphy, 1nds«- $88. 

GMD DEPOSITS: ORIGIN, EVOLUTION, AND PRESENT 
CHARACTERISTICS. 1978. 278 P-, IlluilrsUons, blblio- 
griphy, lnd»*. $79. 

MINERAL DEPOSITS: ORIGIN. EVOLUTION, AND 
PRESENT CHARACTERISTICS. t«H. 244 p.,lllu*tre«<sft», 
bibliography, Indas, $94. 

THE MOON: ITS PAST DEVELOPMENT AND PRESENT 
BEHAVIOR. 1 974. 333 p., Illuitrallona, bibliography, Index. 

$ 20 . 

PETROLEUM DEPOSITS: ORIGIN, EVOLUTION. AND 
PRESENT CHARACTERISTICS- 1974. 378 p., IlluitraUoni, 
MbDogriphy, Indsx. $90. 

URANIUM DEPOSITS: ORIGIN, EVOLUTION, AND 
PRESENT CHARACTERISTICS. 1979. 303 p., Illustrations, 
bmilMMphy, Indsx. $96. 


TATSCH ASSOCIATES 

120 Thunder Road 

Sudbury, Maaaachusetta 01778, U.8.A. 


fguth Dakota Soho at at Mines and Tech- 
nology- Applications are Invited (or two positions 
in the Department ot Geological Engineering. Both 
involve teaching at undergraduate and graduate 
taett. (heels direction and development ot re- 
search. 

Geological Engineering: specialty In rock or 
sal mechanics, die evaluation, geohydrology, pe- 
iHtauaVreservotr engineering or engineering seis- 
mology. Industrial design experience helpful. A 
PhD. in some area of engineering le preferred. 

Ore Deposits: area of specialization Is open. 
IhiBuccesatul applicant will work closely with Ihe 
rawly established Institute for the 8 tudy ol Mineral 
Deposits. The Ph.D. is required. 

The Department has an undergraduate enroll- 
iranlot 170 majors and a graduate enrollment ot 
60. Field appllcallona of geology and engineering 
ire emphasized. Interested persons should send a 
resume and three letters of recommendation to: Al- 
vklitenbee, Dept, ol Geology 'Geological Engi- 
neering. South Dakota School of Mines and Tech- 
nology, Rapid City, 8 D 57701 . 

SDSM&T le an equal opportunity employer 


Prinoeton Unlverelty/Water Resources 
Program, Department of Civil Engineering. 

Department ol Civil Engineering Invites applica- 
te* tore tenure track, three-year appointment at 
ite assistant professor rank beginning on or belore 
September 1982. Responsibilities Include graduate 
nd undergraduate teaching in hydrology and water 
ittourcas, and participation In research into either 
hydrological processes associated with infiltration 
and unsatureted llow or chemical processes and 
^report in the unsaturated zone. Candidate must 
tere Ph.D. degree with demonstrated teaching 
and scholarship. 

Submit resume and references to: 

Eric F. Wood, Director 
Water Resources Program 
Department of Civil Engineering 
Princeton University 
Princeton, NJ 085*44. 

nlnceton University le an affirmative action/equal 
•WMtrnlty employer. 


£ffv«r«lty of Utahi Faculty Position*. The 

^Wrtmant ol Geology and Geo physics Invites ap- 
Patois lor four tenure traok positions al Ihe as- 
Mknt to associate professor tevel. 

fl Economic Geology: The apadflo aiea of ex- 
portlae Is open, however, preference will be 
given to candidates whose research inter- 
«»te are In geological, geochemical, or pet- 
rolOQlcal chaiactertetlce ol metallic mineral 
deposits. 

2) Sedimentary geology: Applicants should 
have research Interests In modem or en- 
dent sedimentary basins. 

3) Seismology: Applicants with backgrounds 
and specialties In seismic reflection, eelemkJ 
imaging or theoretical seismology will be 
given preference. 

4) Potential Helds: Geophysicist wild specially 
in potential theory Including gravity and 
magnetics. (The dosing dote tor this poal- 

a ok 18 Januar Y 31 * 1882). 
am w oquivalent le required. The vacancies 
v* ^ hy September 1982; the okwfng 
3i iMi a * 0flUDnB ,or poaffio™ 1-3 la December 
"PPfearrta should submit a trite, tran- 
soata H Bf1sr hla/her research teaching 

W&snf d names of five persons for reference to 
Nash, Chairman, Department of Geology 

A iBSa*’ Unlver8lty u,ah - 811,1 ^ C|f y* 

of Utah la an equal opportunlty/af- 
action employer. 


AGU 


Fe eltlona In OssanoaraBhy/VIMl. Thu 

Wrgnte Institute of Marine Science (VlMSjiSchool 
d Marine Science Invites applications for two stale 
™ d ; oceanography research and teaching posl- 
tionB at the levels of Senior Marine Scientist. VIMS 
te a broad-based marine aclance eateMshmeni 
wth a mission to provide sound and timely advice 
to executive agencies and ihe legislature end to 
conduct incisive research programs. The School of 
Marine Science offers M.A. and Ph.D. proorems 

88 80,1 139 9 radualB atudenla. 

HEAD, DEPARTMENT OF GEOLOGICAL 
OCEANOGRAPHY (#1 13) 

Applicants ere sought with research fntereata in 
estaurfns sedimentary geochemistry, dynamics ol 
cohesive sediment transport, or esteurlne and 
coastal morphodynamlcs. For further Information 
contact Dr. Robert Byma (VIMS), 81W842-21 1 1 
(Ext. 173), 

ESTUARINE AND COASTAL HYDRODYNAM- 
ICS (Position #204) 

A physical oceanographer with a strong interest 
in Interdisciplinary approaches to complex estuarine 
and continental shelf problems Is desired For fur- 
ther Information contact Dr. Bruce Nellson (VIMS) 
804/042-8131 (Ext. 244). 

Candidates for both positions should have estab- 
lished research credentials and be dedicated to fur- 
thering the research and educational programs ol 
(he Institute. Demonstrated ability to generate ex- 
tramural support Is expected. Salary range Is 
$24,972 to $34,107 end faculiy rank Is commensu- 
rate with qualifications. 

Applicants should send a comprehensive curricu- 
lum vita, reprints, arid at least three tellers ol rec- 
ommendation by FebniBry 1 . 1902. stating specific 
position of Interest, lo: Employment Manager, Per- 
sonnel Office, College ot Wm & Mary, Williams- 
burg, VA 23185. 

Art equal opportunlty/afflrmatlve action employer. 


Iowa State University of Selanoo and 
Toohnology/Dopartment of Barth Sol* 
enoes. 

Applications are Invited for two tenure track facul- 
ty positions. The rank lor each Is at ths assistant or 
associate professor level, dependent upon qualifi- 
cations. The successful applicants will be expected 
to develop strong research and graduate student 
programs. Teaching duties will indude undergradu- 
ate and graduate courses in the areas ol expertise. 

Mineral Resources Economic Geology: One posU 
tlon to In mineral resources/economic geology. An 
applied field orientation to preferred. Iowa State has 
established a Mining and Mineral Resources Re- 
search Institute and an Interdepartmental minor in 
Mineral Resources In order to support and develop 
research and education in this area. In addition to 
(he appointment In the Department ol Earth Sci- 
ences (here will be full opportunities to Interact with 
these programs. 

Geomorphology-' The second position is in the 
general field o( geomorphology. Additional exper- 
tise In an area related to geomorphotogy. such as 
groundwater, engineering geology or remote sens- 
ing is also desired. A person with an applied held 
orientation Is being sought. 

Each appointment will be on an academic year 
basis. Opportunities are available for summer 
teaching appointments Salaries wilt ba commensu- 
rate with qualifications. Application deadlines tor 
both positions are February 15, 1982; later applica- 
tions will be accepted if a position Is not filled- Posi- 
tions are both currently available and are expected 
to be filled no later than fall, 1982- For application 
information please write to: 

Bert E Nordlls 

Department ot Earth Sciences 
253 Science I 
lows State University 
Ames, Iowa 500 It 

Iowa State University to an equal opportunlty/al- 
flrmatlvB action employer. 


Faculty Position*. Two Faculty Positions In 
Geotogy. Tenure-track positions In geology, assist- 
ant professorships. Ph.D. preferred or equivalent 
experience. Fall 1982. 

Pelrotogist-MInBralogtst. Candidate must be 
able to teach Introductory geology, mineralogy, pe- 
trology. geochemistry, and optical mfneralogy/pe- 
trography. 

Invertebrate PalaontobglsiSoft-Rock Geologist. 
Candidate must be able to teach courses In inverte- 
brate paleontology, mlcropafeontotogy, sedimenta- 
tion, and historical geology. Additional expertise In 
recent marine environments highly desirable. 

Applicants ere expected to do research^ their 
areas of expertise, and to lead students' field tops. 
Strong teaching and research commitments wset- 
ed. Submit applications wllh resume end copfra ol 
transcripts, and have three lattere of recommenoa- 
tions sent lo Ihe Chalrpersoa Department c if Ea rth 
& Space Sciences, Indiana Untver^J^s Unf' 
verslty at Fori Wayne, Fort Wayne, Indiana 46805. 

Indiana Univerelty-Purdue University Is an equal 
opporturdty/affirmaUva action employer. 


physical Oceanographer. 

tary College expects to have a tenure track vacate- 
win Department of Physics effective 1 
Candidates should hoW doctorate w ™? r ‘***£ ate 

ffSeaHar-Sg 

dent onquaSftcatiqnB end experience. Relocation 


expenses can be provided. Duties include under- 
graduate teaching In physics and physical ocean- 
ography. and research In marine science Applica- 
tions should Include complete dossier and names 
of three references and be asm lo; Dr. E 5 
Graham, Principal, Royal Roads Military College, 
FMO Victoria, B.C. VOS IBO. 

This competition te open to bolh men and wom- 
en. Knowledge of English only is required. Only Ca- 
nadian citizens or Landed Immigrants nood apply. 

Touts Information relative A ce concours est dis- 
ponlble an franqalfi ol psut dtre obtonuo on dcrivant 
A Dr. Graham. 


Ooaanographar. GS- 1360- 1 2. Salary $28, 245- 
$38,723. The Remote Sensing Branch of the Naval 
Ocean Research and Development Activity 
(NORDA) is soaking qualified applicant* tar the po- 
sition of Oceanographer Duties Include: Serving as 
principal investigator for planning and organizing 
baslo and applied scientific investigations of radio 
probing ol the ocean surface, and interpreting the 
results of these Investigations In terms ol oceano- 
graphic parameters. Specific areas ot Investigation 
will Include the detection and analyste ol ocean 
fronts and eddies through ths use of satellite-borne 
altimeters. Responding to Announcement No. 81- 
039, send a current SF-171 no later than 21 De- 
cember 1981 to the Civilian Personnel Office (Code 
140A), Naval Ocean Research and Development 
Activity. NSTL Station, MS 39529 or call 601-688- 
4641 lor appropriate formB or additional informa- 
tion. 

An EEO Employer. 

U S. Citizenship Required 


University of Hawalli Faculty Position*. 

The Department of Geology and Geophysics and 
the Hawaii Institute of Goophysics of tho University 
ol Hawaii are soekmg applicants for two tonnro 
back positions becoming available Jnnu.iry 1 . 

1382. Applicants should havo specialization m (t) 
merino geophysics with omphnsis In ono or moro ot 
the fields manno soismology. magnetic-.! nnd gravi- 
ty; or (2) manno geology sedmwitology. Ono of 
those positions will be tilled ot n rank ol lull profes- 
sor, (he other at assistant or associate lovui. 

Applicants should hove demonstrated ability to 
conduct and promote marina research commensu- 
rate with the level ol lha application Ability to te.ich 
at all levels is expected Tire positions will bo |omt 
ones on an 1 1 -month basis with tho Department 
and the Institute and will involve both teaching .anil 
research responsibilities Apply with resume, im- 
pacted level of nppomlmont and tho names of 3 
referees to Chairman. Personnel Committee. Do- 
panmont of Goologv and Geophysics, university of 
Hawaii, Honolulu. Hawaii 96022 
Closing dato for applications is January 1 . 1 982 
The University of Hawaii is an nffiunaiivo-nclion 
equal opportunity employer 


POSTDOCTORAL 
POSITION 
IN MARINE 
CHEMISTRY 


Woods Holo Oceanographic Institu- 
tion tnvIleB applications Tor the 
position of Postdoctoral Investiga- 
tor. Thla position Is being offered fur 
basic research on the chemistry of 
the particle (lui In tho ocean and on 
the chemistry of sediment-seawater 
Interactions, with particular empha- 
sis on the transport of trace metal* 
and radionuclides. Preference will 
be given to applicant* with training 
In radiochemistry, trace-element 
analysis, surface chemistry, or geo- 
chemical modeling. Send resume and 
names of three references to: 
Personnel Manager 
Box 54P 


WOODS HOLE 
OCEANOGRAPHIC 
INSTITUTION 


Woods Hols, HA 02543 

An equal opportunity employer M/F/H 


••ageing Research Assistant In Fhyatoal 
Oceanography. AppttoaWnslnvitedfot aposHton 
In Ihe School ol Oceanography. Otegon State Uni- 
versity. B.S. in physics or engineering. Must have 
sea-going experience, needs some familiarity with 
computers and electronic tatromente. Must betebte 
to assume position by 15 Februaiy 1982 Appoin- 
tee vrill lake responsibility (or deployment o f a wa- 


ter-structure prolifer on a cruise In May- June 1982; 
will take responsibility (or preparation, calibrations, 
work at aoa, and preparation of lha data report. 
Salary: $20.000'yr or moro depending on oxpori- 
once Submit application and names ol threo refer- 
ancoa by 25 December 1981 to: Douglas R. Cald- 
well. School of Oceanography. Oregon State Uni- 
versity, Corvallis. OR 97331 . 

An Affumalive acltotvoqual Opportunity employer. 


University of North Dakota, Applications nro 
Invited ter two tenure-track appointments (n ihe Do- 
partmem of Geology, beginning January 1982: 

(1) petroleum geotogy or related fields 

( 2 ) one of (he following areas 

low-temperature geochemistry 
carbonate petrology 
economic geofogy 

The first position wilt Include teaching 1 or 2 
courses per year m petroleum geotogy. Both posi- 
tions require teaching undergraduate and graduate 
courses In tho areals) ol expertise, directing gradu- 
ate student research al the MS and PhD levels, 
and developing an active research program 
The Department has nine full-time faculty, two 
adjunct faculty, about 150 undergraduates and 50 
graduate students. Association with lha North Da- 
kota Gitotogical Survey includes access to com- 
plete subsurface records, cares and eamptos lor 
9.000 wells in ihe WiWstcn Basin Proximity lo the 
Wllliston 8 as in and Canadian Shield provides 
abundant opportunity for research in sedimentary, 
igneous, and metamoiphic petrology, and economic 
geotogy. Excellent physical facilities. Ihe stale core 
and sample library, and excellent photo, mnp, and 
book collections are avmfablo 
The PhD. is required, salary and rank are open 
and competitive. Applications will bo accepted until 
suitable cnndU.iton oro found Applicants shouto 
submit complotu resumes, including education, pre- 
vious oxpononco, teaching and research InturoalH. 
arvd at toast throe totloia ot latorenco to 
Dr Richard D LuFuvor 
Ch.ilnn.iri. Soarch Comnnttoo 
Department ol Geology 
University of North Dakota 
Grand Forks. NO 08202 


Surflolal OaologyvOround Water. Utah 
State University. Tenure track position starting 
Spring quarter ol 1982 or toll quarter ol 198? Ph D 
required Rank and salary negotiable Siiriici.il go- 
otogy with emphasis on goologfe hold studios and 
ground war or with retention to both guoiogic >md 
go'jhytfro logic aspects Emphasis on the and West 
Closing data Novamber 30. 1991 USU an affir- 
mative action equal opportunity empfuyer Depart- 
ment ol Geolugy (07). Utah State University Lo- 
gan. Utah W322 


SERVICES. 


URANIUM DEPOSITS. If you are hnancing, 
planning, designing. o>pronng. drilling, or digging <n 
connection with any ferrn of energy, you need this 
complete, up-to-d.ite book about the world's urani- 
um deposits includes production and re son.es lor 
mmos Hardcover 6 • 9 inches. 303 pages Table 
ot contents, drawings. .Index, references. 1978 
$96 Tatsch Associates. 120 Thunder Road. Sud- 
bury. Mass 01776 


E8T SERVICES. Scientific Translations From 
Russian te English Specializing wr Hydrology, Wa- 
ter Resources, and tho Earth Sciences pure re- 
search. engineering, construction, systems analy- 
sis. mathematical modeling Experienced, extensive 
academic (raining. 15 years professional experi- 
ence as ageohydro'og'St. Donald J Peroous. 3219 
Carolno del Saguaro. Tucson. Arizona 85706 (602) 
743-0863. 


STUDENT OPPORTUNITIES 


Graduate Research Aaslstanlshlps In 
Physical Oceanography. Opportunities (or 
graduate study with Research assislamship avail- 
able for students Interested in M.S. or Ph D. pro- 
grams. A summer program with stipend Is open la 
college Juniors. Write: Douglas Caldwell, School ol 
Oceanography, Oregon Slate University, Corvallis, 
OR 97331 


Gradual* Study In Ooewnography Oceano- 
graphic Engineering. Research Assistant- 
ships and research fellowships are available ter 
graduate study in Physical and Chemical Oceanog- 
raphy. Oceanographic Engineering, and Marine Ge- 
otogy and Geophysics leading to a Ph.D. or Sc D 
degree conferred jointly by the Woods Hole Ocean- 
ographic Institution and the Massachusetts Institute 
of Technology. The wards cover tuition and pro- 
vide an average monthly taxiroe stipend ol $540 to 
$590 Research topics available lo student reflect 
the interesls ot the more than 100 doctoral scien- 
tists and engmeera at WHO! and the faculties of 
ten different deportments at MIT. 

The program encourages applications Irom stu- 
dents with an undergraduate degree in any of Ihe 
natural sciences or engineering For additional in- 
formation please con tad: The MITjWHOI Join Pro- 
gram in Oceanogiopfty-OceanograpMe Engineering 
at either. The Education Office. Tha Woods Note . 
Oceanographic institution. Woods Hole. MA 02543. 
or Room 54-91 1, The Massachusetts Institute of 
Technology. Cambridge, MA 02139. 


William C. Ackermann (Ufo Supporting Member). Kellll 
Akl L Thomas Aldrich (Ufo Supporting Member), Richard 
ffiu,uayd E..^. Alf" V- c« (^8^ 


Supporting Members— Individual 


Irig Member), An*° n M. DSInly, E - 


A, Van Allen, John W. Vanderwilt. Clyde Wahrhaftig, Karen 
M. Ward. Charles A. Whitten (Life Supporting Member). 
Loren D. Wicks, J. Tuzo Wilson, Frederick F. Wright, Oliver 
R. Wulf, 


^a. members who con.- 


tribute ' wno con 

ova! t j 0 or more per year 
dot-? 1 ? a . bove th elr dues are 


J atQd 0 s Individual sup- 

mav^ member8. Contributions- 

*JMnrt ! p8c ,'? ly designated to : 
_ Pport &nv l Inlnn IW . .. 


SJrfahi Robert S. Finn, Irene K.' Fischer, Herbert Fried- 
Samusl s - Gold,ch ' Davld 

Q KK 8 HaTch r a d r!es r ?. b Helsley, J. Brackett Hersey, 
i u_ u Howard Arnold I.; Johnson, Carl Klsslmger, Serge 
A wrf St EAandaberg (Life Supporting Member), 
pao^'anzano, James P. Lodge. Jr.^Thomae F Malone, 


T ravel Grants to I AG 
General Meeting 


profe* a 2)! Unlon program or 

added to the endow,. ^ 


G. Mason 

QHbert D-Mead, Ja^ee M. Mead. Sutorrt ^MeePe^ 


Deadline for Applications: January 1, 19fl2 
AGU has applied to the National Science Foundation 


meni fnnw w enuotnp. - 
8iS .™', or 9‘ven without re- 


striciiftno i 1 a,yon wnnoui re- 
l"Con SSSSfi! "52?? 


has riw. F l nanclai Resources . l ? s0 . : J " . 

members contributing $80 or more to 
■«irT be recoanbfid na auDDortlria members. 


A. oslensp, Barry E. Parsons, 

Paskausky, Louis 0. Quern, John C. Reed, Eu- 
b: Russell, .James C. Savage. 
Sk O ^hSl Sael Schulz, Joseph V. Smith, 
§HL- c smith Kendall L. Svend&en, Charles V. Thais, 
TohS w ToWsewl, Jr. (Life Supporting Member). James 


for a grant to assist the (ravel of individual U.S, scienUsts _ 
to the General Meeting ot the International Association 
of Geodesy, to be held in. Tokyo, Japan, May 7-20, 1982, 
Application forms for' the gran is are available from Mem- 
ber Programs Division, American Geophysical Union, 

2000 Florida Avenue,' N.W.,, Washington, D.G. 20009 ... 
(telephone 202-462-6903 or loll free 800-424-2488).': V . ‘ 
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'V ';5 


Meetings 


Urban Hydrology 


WOMEN ENLIST 
YOURSELVES 


tfonal q' U m!J?r. PQ ' S ha , S . u BOn lssuel:, ,or lhe Ninth Interna- 
«onal Symposium on Urban Hydrology, Hydraulics and 

Sediment Control, scheduled for July 27-30. 1982' at the 

u"I 0 ' PapersJtoiidon 

uroan water problems, Including water runoff, storm sawor 

system analysis ond design, sediment control, storm water 

SbuHon ' ,h TK na,ySls and mana 90ment of water 
meB,,n9 fe spanaored b y uni- 

cation ^d hf W ? , En R n08nri9, OHIce 01 Continuing Edu- 
cation, and the Water Resources Institute. 

nrfJiHoH d ® S( ? b,n 9 caso s,udi0S and comparing Held and 
p edicted results are particularly encouraged. A 250- to 

fnvtTlf Str l Ct ? h0U,d be submi![Bd ^ De^mber 29- 
abslracls ° SUbm 1 luJI manuscrl P*s will be based on lhe 

Mall abslracts lo Beverly Stevens, Coordinator Office of 
Conjnulng Education and Extension. 223 TranaportaHon 

405X0043°^' h UniVS S ° f Kenluck y- Kington. K Y 

to Haw j q 6 ? 6 ' 257 ' 3971 )- Addreaa Inquiries 
S ™ W J L S erlng. Department of Civil Engineerino 206A 
University of Kentucky, Lexington ?Y 

40506-0046 (telephone; 606-257-1748).^ 9 


New Listings 


1982 


Ja " n 3 :® Annuar Meeting of ih Q American Assoclntfon for 

mL^ 00 ™!" 6 ' 11 0 Sclonco - Wnshlrrglon, D.C. (AAAS 
Moe Ings Olflce^ 1776 Massachusetts Avenue. N W 
Washington. DC 20036 ) ■ 

Knato mSj VS ip S 3.) Y ° ,I ‘ U ™ Ve,Si,y ’ DaW " SVlew ’ 6n,ar ’ 


AGU CHAPMAN CONFERENCE 

DISCONTINUITIES IN ROCK 


Mi>y CnnJ* 1982 , San,B Fe ' NeW Mexlco 

convenors: Lawrence Teufel and Robert 

Riecker 

Sessions pfanned: 

Mechanics of forma I ion and characteristics 
Constitutive laws and deformational processes 
Geophysical phenomena 
Hydraulic properties 
Mechanical and hydraulic modeling 


ioJi? S T fn . l ® real0d in attending should write to Law- 
ISSiiTS 1 ' Geomechanics Division 5532, Sandia 

Wm 3 bwbSItSSJ ’ A,bUqUerqUB ' NM 87,85 « «■" 


Travel Grants to 
IAHS Scientific Assembly 

Deadline tor applications: March 31. 1982 


. bas a PP ,iad ‘o ‘be National Science Founda- 
S ? . a ? ra ,u to assist the travel of individual U.S. 
nienbsla to the First Scientific Assembly of the Inter- 
01 Hydrological Sciences to be 
heW In Exeter. England, July 19-30, I9B2. In anlid- 

01 f T rab,e ac,ion by NSF - application forms 
for the grants are available from 


American Geophysical Union 
2000 Florida Avenue. N.W. 
Washington, D.C. 20009 
(Telephone: 202MB2-6903 
or toll free: 800 424 -2488) 


Travel Grants to 
IMA General Meeting 

Deadline lor applications : April 30. 1982 


slat the travel of Individual U S sclenitain SL t? 

S 3 Bases±r 


Socfel y of America 

■ 2000 Florida Avenue, N.W 

■ Washington. D.C, 20009 

■ (Telephone: 202/462-6913) 


May 12-19 IASPEI/UNESCO Workshop on the Theory, 
Observations, and Causes of Seismic Anisotropy, Suz- 
dal, USSR. (E. M. Chesnokov, Institute ol Physics of the 
Earth. Bolshaya Grouzinskaya 10, Moscow 123810, 
USSR.) 

May 1 7-22 Fifth International Symposium on Solar-Ter- 
restrial Physics, Ottawa, Ontario, Canada. Sponsors, 
SCOSTEP, COSPAR, IAGA, URSI, IUPAP. (J. G. Roe- 
derer, Geophysical institute, University of Alaska, Fair- 
banks, AK 99701.) 

May 23-28 Penrose Conference on Tectonic History of 
the Ouachita Orogen, Arkadelphia, Ark. Sponsor, GSA. 
(W. A. Thomas, Department of Geology, University oi Al- 
abama, University. AL 35486.) 

May 26-28 16th Annual Congress and Annual General 
Meeting of the Canadian Meteorological and Oceano- 
graphic Society, Ottawa, Ontario, Canada. (G. Isaac, 
Cloud Physics Research Division, Atmospheric Environ- 
ment Service, 4905 Dufferln Street, Downsvlew, Ontario 
M3H 5T4 Canada.) 

June 14-17 45th Annual Mealing of the American Society 
of Limnology and Oceanography, Raleigh, N.C. (W. Bau- 
melster. Business Manager, ASLO, 1530 12th Avenue, 
Gralton, Wl 53024.) 

July 14-16 National Conference on Environmental Enql- 

nf ? n0apO !e ’ MInn ‘ Sponaors > American Society 
of Qvll Eng neers (Environmental Engineering Division), 

FnrWn m! ir ° m!™ 880 * 8 Department of Civil and Mineral 
Engineering, Mlnnesola Pollution Control Agency, Cen- 

ral Stales Water Pollution Conlrol Association, Mlnneso- 

mnn 0 Mo? ° K ‘ Johnson - Conference Chair- 

^ a,r °P° l1 lan VVa 8le Control Commission, 350 Metro 
Square Building, St. Paul. MN 65101.) 

'ntomatlonal Assoclalion of Hydrological Sc\- 
J X0,0r ' u nii«J Kingdom. (D. E. 
mf Sfi ha Local 0r 9 anlzin 9 Committee, Depart- 

Ex e te?EXr4RT u y kr iVer3i,VQ ' EX0 ' er ' Am0ry BU " din9 ' 

Ju l y J 7 ^°, N . lnlh International Symposium on Urban Hv- 

Ws y, CoU*anB Sp ° nsm ' Unlvers "y of Ken- V 
S w Engineering. Office ol Continuing Edu- 
cation, Water Resources Institute (H J Sieriinn 

206A Anderson HaN,^ 

University of Kentucky, Lexington, KY 40506-0046.) 


in the 

Third Edition 
of the 


Roster of Women In 
the Geoscience Professions 


The roster, published by the Ameren 1 
Institute, Is open lo all professional women eiS£? 
any aspect of geosciences. mpioyed in 


Biographical forms can be obtained from AGU 2M 
Florida Avenue, N.W., Washington. DC 2(WW 
Deadline for returning the forms ts January 1 1982 


Aug. 2 6 Sixth International Symposium on ihn 
and Chemistry of Ice, Rolls. Mo .Sponsors 
Physical Society, American Chemical Society 
Meteorological Socialy, Inlernallonal CommlMta? 
Snow and lea ol the International Union of SSI2 . 
and Geophysicists. (P. L. Plummer, GraduateSrtfw 
Cloud Physics Research, 109 Norwood Hall, UnS 
ol Missouri, Rolla, MO 65401.) 

A «L» n Penr u 0se C °n fe rence on Origin ol Fluids and 
Metals n Porphyry and Epithermal Mineral Deposits Oil- 

G^nlnn rfl^p 00 . 80 ^ GSA ‘ L0Ander Son, Department of 

en CO 80401 9 ) nS8nn9, Colorado SchoQl of 3oU- 

A sk } « P n nraS8 Confer0 nce on Models of Dlagene- 
sls in Clastic Reservoirs, Kailua, Kona, Hawaii. Sponsor. 

TO631 ) ' ' C ' P °- B ° X 446 ' U Habffl - W 

totornational Conference on the Planar 
andL ' n0ar Fabdcs of Deformed Rocks, Zurich, Switzer- 
land. Sponsor, Tectonic Studies Group, ETH. (J G 
Ramsay Geologlsches Instltut, ETH-Zentrum, CH-8092 
Zurich, Switzerland.) 

Sapt ‘ f-?" 2 ? Oceans '82 Conference and Exhibition. 
Washington D.C. Sponsors, Marine Technology Society, 
institute of Electrical and Electronics Engineers Council 
on Oceanic Engineering. (Oceans '82 Technical Program 

DC 20031 ) ?3 ° M Str00t ' N ' W " SuMe 412, Washin 9 ,on - 


IMS Assessment Symposium 

Tn ...J i .. 


To understand the purpose of the IMS Asss««mnnt q,,* 


l C wK? pa ? al Committee for Solar-Terrestrial Physics 
»h?K h M Cha,f ? d b y Gordon Rostoker (Alberta). It was 
me oacklng of this working group that the concept ihs 
Chris Russell and David Southwood had of the IMSAI 
meeting came to fruition. 

ape ?*, j aims of the IMS Assessment Symposli 
# 0 d: ,0 toentlfy what data were obtained du 
ne IMS for coordinated studies; to assess the status < 
„ n °, L ! s workshops that were convened to facilitate su 

i B m? I a f.l 8llJcll98: and t0 ex smlne the status of the 
erne the IMS was designed to solve. One day of the < 
terence was devoted to each ol these alms. 

_ Jl° rd0r 10 exploit fully the data sets that have been 
ea during the IMS, and to promote Interaction belwe 
™ n Qrs of this data and the STP community at la 
ah?J T^ ledge aboul tote data must be generally av 
IQ. To this end the first day of IMSAS was mainly de 
ri a ,i° repod ? on th e 'what, when, and how 1 of major IN 
in h ?i7A J hls totormalfon will eventually be documen 
utifl?l MSAS Proceedings to be published by AGU, ah 
in tne contact through whom Initial approaches abou 


Affiliation 


TABLE 1. Contacla 


T. von Roaenvlnge 

J. King ^ 

B. Hullqvlst 

K. Ogilvie 

V. Formlaano 
K. Knott 
T. Fritz 
D. Baker 
J. Fennell 
T. Obayashi 

C. Cattail 
H. Kroehl 
N. Spencer 
R- Lange! 

M. Teague 


Data Set 


GSFC 

GSFC 

GSFC Q0Ophys - ,r,st - 

estec 

ESTEC 

FFmI Bouldar 
LANL 

Aerospace Core 
Tokyo Unlv. 

Unlv. of Calif., Berkeley 

^S.NOAA.Bir 

GSFC 

GSFC 


Spacecraft Data Sets 

ISEE-3 
IMP 7/8 

Pfgnoz 7/8 (Promlcs experiment) 

ISEE-2 

GEOS 

ATS 6/SMS/GOES 

Da,a Set 
SCATHA (P78-2) 

IMS spacecraft, Kyokko, Jlklken 

DMSP 

Atmospheric Explorer 
Magaat 


R. PeUinen 
W. Baumjohann 
W. Smart 


E. Nielsen 
T. Murayama 
5* McPherron 
G - Roatoker 
^ Vcndrak 
T. Rosenberg 
T. Negate 
M. Rycrofl 


M0leof °l- Inat. 
IFG Muenster 
IGS Edinburgh 


Satellite Situation Center 


interplaneb 
InterplaneU 
outer magr 
outer magr 
outer magr 
aynohronou 
aynchronou 
8ynchronou 
near synchi 
various 
low altitude 
low altitude 
low altitude 
low altitude 


MPI Undau 
Nagoya Unlv.; 

SfcSSfti-^ 

SFtl 

Urth^ of Maryland 

NlPR Tok^j, • 

British Anlarctlo Sunrey 


Ground-Based Data Sets 
CCOQ 

‘MS networks 
UK IMS magnetometers 


nuutevia 

Labors to/y 

Instftula or 
fteseareh. . 


STARE radar 
Japanese data sets 

aiirr?? Iat ‘ maBna, °meter8 
auroral zone Instrument arrays - ■ 

SSgasrffx:;--. 

Eurnnoopi 


Northern 
Scendlne 
' Soandlns 
. Faroes 
■. Scandlna 
Japan 

•• .North Am 

North Ani 
Chatanlkf 
Antarctic* 
Antarctic* 
■, Antarotjc* 




ihyslk dsr Uni 
s; NIPR, Nath 
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data sets can be made. Until these proceedings appear, a 
fist has been provided (Table 1) of the names of IMSAS 
contributors and the data sets on which they reported. 

These program reports gave rise to a number of recom- 
mendations that were adopted by the meeting participants 
(1) The potential scientific value of the mid-latitude magne- 
tometer data acquired during the IMS by the Air Force 
Geophysical Laboratory (AFGL) at a series of sites across 
the northern United States was stressed. The IMSAS meet- 
ing requested the AFGL to prepare this data in a format 
suitable for depositing In World Data Center (WDC)-A for 
STP. (2) Noting with concern that funding for the analysis 
ol dala from the USAF SCATHA (P78-2) spacecraft, 
launched into near-aynchronous orbit in February 1979, 
has now been terminated, the meeting urged the rapid ’ 
Identification of possible funding sources for the continued 
reduction and analyses of SCATHA data, particularly so 
that lhe experimenters may participate In IMS data analysis 
workshops. (3) In view of the significant results arising from 
lhe Japanese Space Science program, the Japanese gov- 
ernment should consider enhancing the activities of the 
Japanese Data Analysis Center to archive this data for fu- 
ture analysis. (4) it was recommended that the ISEE pro- 
ject prepare 5-minute average solar wind plasma and field 
dala so that a 'high resolution' Interplanetary Data Book 
could be compiled by Joe King at National Space Science 
Data Center for the IMS period. This last recommendation 
will certainly have the blessing of scores of scientists world- 
wide, myself Included, whose work In the past has depend- 
ed on the existence of the previous Interplanetary compen- 
dia. 

Ths concept of close coordination of relevant data sets 
has been central to the philosophy of the IMS from Its In- 
ception, and one of the principal mechanisms that has 
emerged to encourage this coordination has been the inter- 
national workshop. The second day of IMSAS was there- 
fore devoted to discussion of the results that have been ob- 
tained via IMS workshops and how such forums should be 
organized so as to maximize their usefulness. 


SSttt WorKpsTcDAW) 3 aZ te^ 0 ' 

ST* ln a “ m ™ n - ^ “ a . 

Im!°W«°CDAW iTrR W0rksh0ps have bBen O" 

ra,Sw5L to ? 3tabl,sh th e basic ground rules and physical ar- 

Snhast CDAwTflnH m worksh °P s of totety^e. By 
phJclS T P rien,ed toward particular 
EC™ (lhe 9arth 8 tow shock and dayslde 

S and iH^Sm e !' 0 L y) ralher than P ar1lcular dat0 s or 
allhSuoh wlfh h f mnT ° have worked somewhat better, 
nitv » m ° re restricted contributing commu- 

theiihoTfSnn ?2l? z f d ! hal Preplanning the CDAW and 

ys?s to°achiBvL a dAf| 8 IT P y n °! T U9h Foll °w-through anal- 
sentlal but conclusions and publications Is es- 

sential but has not always occurred. CDAW 4 had a follow- 

KM Federal Ra P ab »<= - German 

o S' 1 did not have remote terminal access to the 
Goddard Data Analysis Workshop Center (DAWOC) A lur- 
l 8 , r P°fi !bla 80lul| on would be to set up the means for In- 

al h P8r m ? n 0r J remot0 accesa t0 lh e DAWOC, much 
rfpSj ht b9 envi8a ?f d ln lh e future for the AMPTE and 

SRflmtnK^ S ; h TakGn !° 'J 3 ,09lcal exlr0 me, this might 
S nnMhl h he conc,uslon toat the CDAWs, as such, 
pen be necessary. However, it was slressed by 

H Q m^ MS J? S . part c panta dir ecl personal conlact Is a 
foma 88pecl of coHahoration and of any workshop 


The regional IMS workshops organized In Japan and Eu- 
rope were also outlined al the meeting. In many respects 
these have been organized much more along lhe lines of 
regular scientific discussion meellngs, with contributed pa- 
pers and without the technological back-up of the CDAW 
However, the next European IMS workshop, to be held in 
Denmark In October 1981. will be integrated into the plan- 


ning phase of the next CDAW, with interest centered on 
observations of the CDAW events made with the GEOS 
spacecraft. 

Finally, the program focused on the scientific progress 
m ?. d ? d^ng the IMS and on the identification of areas in 
which significant problems remain which could bs ad- 
dressed with the IMS dala sets. Eleven review papers were 
presented covering a broad range of topics. Including ac- 
tive experiments in the magnetosphere and Ionosphere and 
computer simulations. These papers have been submitted 
to Reviews ol Geophysics and Space Physics and should 
appear In middle 1982. 

To any individual working In a particular scientific field, 
progress may seem somewhat slow and halting. However. 
In looking backward to the beginning of the IMS period, one 
could be astonished lo sea how far we hava traveled. A list 
of significant achievements during the IMS Is bound lo re- 
lied personal interests. However, my list of highlights 
would certainly Include the increasing awareness of the 
tonosphere as a source of magnetospherlc plasma, which 
has arisen from a first generation of mass discriminating 
plasma instruments on such spacecraft as S3- 3. GEOS 
[®“» SCATHA, ond, most recently. PROGNOZ; lhe first 
hfgh-resolullon measurements of lhe dayside magneto- 
pause and plasma. sheet boundary layer regions with ISEE, 
where the signatures ol magnetic reconnection appear to 
have been so clearly seen; and the increasing use of 
ground-based radar techniquas. including both Incoherent 
scaltar and STARE-type radar aurora systems. One is 
bound to conclude from the IMSAS reviews that the IMS 
period has already been very successful in scientific terms. 
Al the same time it is also clear that perhaps only the sur- 
aco layers of the IMS data sols have as yet been touched. 

I leave it to lhe reader to formulate his or tier own list of 
outstanding questions that can be addressed will) thorn! 

This meeting report was prepared by Stanley IV, H. Cow- 
ley of the Imperial College of Science and Technoloov 
London. 



Separates 

High-quality reprints ol Individual arti- 
cles from AGU journals are available In 
limited quantities. The separates pro- 
gram Is designed to provide you with 
single articles for your personal use. 
Small quantity purchases for classroom 
use or library reserve copies for classes 
are available while supplies last; send 
your request on department stationery 
giving the class title and number of en- 
rolled students. Quantity orders for re- 
Mfo or redistribution will not be filled. 

To Ordan The order number can be 
found at the end of each abstract; use all 
digits when ordering. Only papers with 
ordBr numbers are available from AGU. 

Cosh $3.50 for the first article and 
51.00 for each additional article In the 

order Ord0r ’ Payment musl accompany 

. jkpoo/f Account: A minimum of 
ini P? may be P ,ac ed on deposit with 
AGU for the purchase of separates, ir 
^ deposit, the cost of the first 
22* 18 only $2.00 and $1.00 for each 
acraltlonal article In the same order. 

Separates will be mailed within 3 
J*® 8 Journal publication or within 10 
If ordered after the journal has 
geared. Separates are available for 

EH*** for **0 years from date of 
Publication. 

Copies of English translations of aril- 
,ro t m Russian translation journals 
,. e available either In unedited form at 
01 toelr Hating In EOS or in final 
pwted form whan a journal Is published, 
ne charge Is $2.00 per Russian page. 

Sand your order to: 

American Geophysical Union 
2000 Florida Avenue, N.W. 
Washington, D.C. 20009 
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1 AJ10 CbMlc.l OE.anogr.phv 

DlSTKIBlfflDK IT THOI1IM H0Tk*E5 BtlHElM MWH.UP 
MTP PUTICULAIE R)MU IK THE LEEf >EA 
H. P. Bacon (Voodi Kola 0craau.rapl.U ImiIIMIm, 
Uoada llo la. Han. 021111 and R. f. AnJiiri-.n 
Tha illairlbullon a I JI0 Ih, .„,d ^.’"ih f.„. 

iwaan dlsaolvad and parclculaiu [.i|u a r |«r- 
alsad In aevanto.n aaouaiar iu|iln ( u.c 
Ouatnala and Fan ana Baaing. sanpUnt vas • «r- 
rlad out In allu u||h bauclv-p-.wrrto, -utcaijlb Ir 
pimping a; 11 era In which tha acawiai Ural 
through a Nuclapet* ILltar (l.u-ua H»rr ci.-.i *n.j 
than through a cartrldga picked villi Nit«. wuii, 
that was Lnprajoated with uni.. a..4ccDy v ih e j,,. 
ulvad Th laocopaa. Natural Ii-Th wu used ji ti„ 
tracar Tor nonltoring tha uflUUnc/ v i iiMa<l«. 
for all ihra. lancopaa mat ol tha activity ua s 
found in tha dlitolvad fora. On tlw .Veracc ;. of 
thu ZJ4 Ih. lit ol rha i^Th. and 1!^ „| tile »»li, 
occutrad In tha partlculata fora, chough the ,rl- 
cvntagaa uara found to ba ationgly dufendoni ..n 
pattlcla tancantrailoa. Ihut dlitr Ibvi Ivnt j>> 
not conalitanc with thaalcal acovrnglng tudala 
that aa.uea Irtevarilbla uptaka of It. on p.rtl- 
cla surfaces. Ihe reaultl can be oplalnnd. h,.- 
avar, If uai Iniuua e 1 change ol In Isccopn ba- 
tman seauatsi and [ha part Ida ivrla o is 
auoad. Varclcji profllaa ol both prilcala. oni 
dlaaolvad -®Th show Intruding conesntrot leu with 
depth, at required by the aiauaptlonof roisralM- 
exdranga , Sobs of the dlaaolvad ’"Ih profllo., 
howfvar, ahou a rave rial of chi a trend our ll.r 
bottoa, Indicating accelerated scavenging r.ior thi 
oatar/aadlnant Interface. Itlnallca ol both adsurr- 
tlon and dMorptlon can ba imagined il at lu>t too 
Th laocopaa era naaaurad la th* Bare aanplua. Ko- 
aulci ahrrv that reaction tiros aaa abort u In 
Bantlta) conparad u tha raaldenca ilea of ausfoau- 
■d rouar In tba daap ocau (aavaril paara). indi- 
cating that particle* auspandad In the diop soa 
are clou to equilibrium vlth rsapact to archsngo 
of Mtala at thalr lutfaeii. 

J. Baophya. Baa., Graan, Papir lCIArB 

*71] Clrculaciso 

A KITE OB THE LIT I TUBE OF THE OWIDEKR DUE OF 
THE JLCHDBBB ARB THE 0TAOT1D 

T. Stfclaa (Csop^aleal Inatlnta, Faculty of 
Scteoea, Tohoku Dnivanity, Sandal MO, Japan) 

A nisarleal study on tha latitudinal location 
of rha confluence kooo of tha Xoroahlo ml Che 
D yeah la , the too nitarn boundary cmanto of tha 
Bortb Pacific Ocean, la dona by uia of a a lap li- 
fted hoaogcenoui modal. A highly viacoua nodal 
la lnrastigatad aa an Initial (tap of thla atudy. 

It la aaggaatad that tba latitudinal location of 
tha c on f loanc a loos la cootrellad by tba 
coodltlnaa of tha interior flow. F mdpa a a tal 
dlacuaalooa on the mawrlcal and cling of tba 
confluaoea region era alia made with reference to 
tha coaatal boundary condition. (Confluence 
ana, Oyaahla, Euroablo ntenaloo, mmarlcal. 
super tnent ) . 

Sci. lap. rtboko Uni*., dar. S (T«hoku Geophyi. 
Jouro.), Foil 28, Ho. 3, 19B1 

4720 Dletrlbnclon and watar nsaiae 
SPACE/TIHE STATISTICS OP THE BAKOCtmiC OTM 
SnUICTlRE OF THE HESTEWl M*TH PACIFIC 

U. l. Whit* (Scrippa Inatltaclen of OceaMgrafiy , 
Oalveralty or Callfarola, San Dingo, CA 92091) 
and 0. Kayara 

Terpararor* date rnutiaaly Ilian over • period . 
of year* ara analyaad for InfoiMtioa of lha apacar 
tiro stat Utica oF tha gyre eeala virfablllty In 
tba VAittn Horih Paelfic. lh« Mte *9t* ifwi by 
the R9 RY0F0 MAD, roking ulntir hydrogriphle 
• tranaacti along 1J7*E fro> Japan to the m*»r 
during 1967-1974, and lha Japan*** Far S»*r Flab- 

trlei Servle*, wkln* 120 jual-iirUlflail 

tlona Ham Japan to tha equator war the e*ll« 
vairaro north Pacific Airing 19SH9J1. Harldlpnal 
. vavamiabar epoetra of eh# aabaurfacB l*R>»nlur* 
caar the depth rang. IDO^WOe ara caleolalad fro. ■ 
tha net Una. Tha apuir* niF 
tvaan the tropical region anuth of 12.3 |l rod tnt 
it* tropical region north at 17. S h. In both re- 
gions thnnpoctra ar* rdd, lnaraialbg If Ipnetral 
ssergj daaalty an tha Invare. M»»r t_of th e inn- 
ua+mt. In both raglena a apectnl "nhifuldar’ or 
pin Man anUta baoimro 400-K10 ka 
. ' aap. rat Ing the larg.r aeala gyri varUhllUy '«• 
tba aroller roio-aealn variability. .Hon***r, la 

Z £ion south of .17. SU. Om tlfro vari- 
ance in subaurrsc. tenpe/nturn in wjj tejfr ■ 

[27] l*C)*l rfiah nortb of tharn I.S ( C) I. lbs 
■.an-acsla wsrlrocb la ahool ths Li 

glona. The Varronabar d|»Mra «« ' 

; : : 

" ' :|;7!irly. « »rdar. of S 


' '" ,l -» n 1 1 ■ I •• "I If..- fipin.-.r -, r ,, 

iii.i 4 , „ ( h i.r 1 1. n- K. 

il..' d-ln»l II-. - it.. Ia gu r a. 

firv 11 . 1.1 |. .|.|r...lri t .|. ., -.nil,,, W I,H, , h , 

... Ii.l.lin, >••>)- In the i.|h«..rf«:* 

I r jr.ir.. la |, n(l , ,, w 

rr-Tlol r.*i l.*n .. gl l, 1 „,., ut 
_ ' -r.ul r..J.. r. , M „ .„i 

''f' 1, -i si i„. 

'-'■-■‘M.n n n. I HI ill. . .in , I,.. a H Tr..| |.j| 
f' >'l -r- r- n- i,. j|.u ... 

'■i l.- r ill . 11 . a. .,..rail ir,- 

l.-la ih- 1 -..l ..i|... I.ii. , 

■ -v <••... . 1 . 11 . r |. |A , 

*720 OlilribuLionB and Wat«r hjiiti 

cl'astal pszsh lam orscuAS^E in nt! -..'PtHfJsr 

PACIFIC 

Thvsaa f. Popar Unitllna .r i*rlv- ..lun.a. 

Onlva ralLy of Alaa'.a >J?01 > 

Vsrv high annual ratal of prrclplin loi In rha 
coaatal countllna vhl:h [order th* rorthem Pacif- 
ic '.'onus preduci lirg* froah uiter dl9chatA*i 
fJliWO o J »**). Thla dlicharga hj* been Ifr.-raJ 
pravloulv alnce 1[ do* a oat inter ihc'ctu In 
tha torn ol large rtveca, bur Inaceid, th* - iter 
■ntara bv wap ol niEarnua mall river* .tr.d atreacu. 
Thua, 1c acta aa a I In* aourca Instead of i point 
lourc*. Thla toaital dlacharg* contrltutaa at 
leait -')! of tha froah uatar that anrira the n:rth- 
eaaL Pacific Iron the atruaphare. Bh, Jia :hjr jc lj 
conparable to the cam annual lllchar i .1 if th* Hia- 
atsilppL Fiver ivacen. 

Th* fraah uatar creolai a croas-ahvlf iciti. 
gradient utileh drlvaa an alongi-irr* barocllnl: ]et. 
Tha width of thla Jet 1* laaa than 25 loi alt-, sraefs 
In access ol lQU esi' 1 , It ear and! jlvnq tba c:ji[ 
frnn aouthaaat Alaska to at least Xcdlac lala-.l. 
Apparently, Eh* flow la nalnlalnad aa a sjrr:. c.r- 
rant adjaesm in the coast bv ulnl (trail nhUh 

caul*! lovnualllng candiEioni.Lere throug-.:ut rear 
of the ysar. INarchajSt Pacific. Guff "I Una. 
froah uatar. runoff, coastal circulation.) 

I. Cr..phya. *#*., ' r*.A, pjprr I-. I*S-J 

DM Hiyslcal proporllra of arissirr 

THI THUE-PUAMETER HOI£L 0T THE SlahARIfS LI 0.1 

FIELD: RADU.NI ZSIFCY AUDRPTKW, A. SB IKaGT 

TUPPING IN UPHEUID UYUi 

R. H. Stun iDapartront ol Biology. I'nlsaraltv 

of Hnrth Carol I na. - Gres ntboro. Gracn>baro. hurlh 

Carolina 27412, (I. S. A.) 

Tha Thru- Fa rasa tar Nodal of lha lubiil'i 
light field II hare proposed. Tha nodal crime, 
of three phyalcel pitirotara: the acalar 
Irradlance IE 1, dounwelllng .actor lrraJIanc 
(E )■ an* avaraga cnllna (Jl) of the i.taarlrr 
I [felt field. Thla rodal la derived fra a 
general arponaatlal decay aquation which la 
valid fnr all nlearlM light fields Iras ol 
horlionlll divergence, fra tha aafoneatlal 
dtray equation vs derive aquslinus for lha 
oalcnlatln of radiant paver abtnrhad In a 
given depth interval aid lhe radiant power 
■cat cared Into or nut of that Interval. 

Calculation! of tha radiant povar allanuallon 
In an Eaat Canaan lake faaoeitrata that a 
nephalold layAr funetlMtt aa an energy trap. 

(Ha* ting raia, roltlpl* Maturing, coev melon. 

' qnaatua yield). 

J. Geophya. ftaa., Graan, taper ICI72D 

47b9 Surface' MVee, tidal, and asa Inal 
T SUSAN 1 ucowao M THE Of IF OCEAF FLOOR 
J. H. FI llouc Hrrl spa lilt list Ion el Ocaaes- 
grephy. La Jolla, CA., 17093).. 

0* Kerch I*. 1979 a aluahla eeithqiala • 

He - 7.6. Ilchtar acalel « cor rod on Ike «•- 
llnantal ahalf adjacent to I.V. Krai to, near 
Fetation is the stars of Gwrreio. Thla qanfc- 
quakr gsnaraled a mall IstaiMl that via record- 
ed In daap water. 1000 ka away, thna ptofldlag 
for iha first line a g last a as a taunadl « ravel- 
in. In ttw, op an ora as. The aero aea floor 
pfaaabre retard dllpllya casaplcnoui ilptall 
aieoclered vlth nctlcel ssa floor mtlooa g*«- 
■rattd ar iha rihi> of the flrat Ipylalgh 
aniinlt wave. 11. .lalmle and saunaal travel 
selwltlel are In agriironl with mix prsMU 
roderaiandlng ef the phruanana, and tewml 
ittKtablllty In denp water la iaaoniiraied la 
be writ within tha promt day Mata of lha art ■ 
in the da alga nl aka finer. pUaaura. tiroafecara. 

An calculations roelelpaia, iha E.N. algnal* 

aisoelatad with the paiaaga ef lha tauaaal . 
snrs too faint la be d* tided, 

Geophya. Ml. L*lt. , Paper 1UUJ 

4765 ftarfaca H*v«a. T<4is. sad lea Laval 
AtTEWATTOH OF HUD WAVE I IT A121F1C1AL IWACJ 
FILM OF DIFFEEEKT CUMCAL moCTOU . . 

. H. Hbasrfnai (iMtftlit fSr Otuaiach* Cbsata, 
Kartfn-|aUis-X|ag-FIqti I, JM0 B«dKir( I), HO), 

V. Flpart, F. A. Uaa*, and V. Wtltsr 
lap* r troq I* la a nnl.vgt* tuaasl hava I bos* 
that epsciis ef vied gnaraigd vavsi ,»ts aaliflad 
by ponanalaealir soifaca flloa. Apart fm tba 
wall knows daertaaa ef easrp dyaalty tan piiltlo- . 

. oil affects Usi beta sbssrradl a ahlft of th* 
snargr ndak ns*l*a» aad a dip la lie ahart wm* 


Ipnqih rag Ion of iha gravity wave aparlna, Twj 
wdianiria »ht-h w.„,ld caua* iha ahifs ul the 
pral CJilr-xs ard tne oachaniaa posalblv trntci- 
bi.rlni i.. ths spec r eta J Ip In lha shwtE gsawii. 
•x.t ranis ars dlscvisal. ISutlacs wi.on, il, 
bouidtr < la.er, wa'rr T.unJars lavvi. tln-jlr*! 
»-,rf i:r filcii. 

wvyR.a. in. L*n., Papa. |u,|t 
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V 1 1 1 1 an .1. Man- in.-. |, . P -..,-. e ,| g.., •, Ua.tir.n. 

hawil PeifSt :l. I.in.,it -,, a jii 

Pc'onei# in* ca»i-. in wlr.) .. ,,m, 

anJ on ci.f c. can ara si .wu r ■« yl-|j a qrvwil. rarn. 
f . dauitlilna tu< t.antfer jT r-.-iryv ar.l 
-tire. it.- ft .11 win 3 t .• I.rft-.. wa.ns. .'.ir |, 1 1 

Je*-:rlb*J by i r... rrlarlo-. 

'. / x- • .orij. w i». 



veer ■ wlJa rang* of frequanc-iee. '■■•re <i. is air 
frlciLsi . « | o . 1 1 v , w la raJta.i wa.« f re -,..in-.v. •: 

I* phase i;eed, anl q |i the ug). 1* tvaan wins 
•nl waves. Cairg this f.'rn. a-d the rav, Irens *•. 
rhsL ths tesntus fl-ic frit wlnl tj vf.as r>c 
•acred thr wlr.l arrets, we th-sv [bat d* "ml 
Dsa'i*i‘,iau, Jswnslr J wars elo;„ tstv.eo 

tha frt».erii«a }•»- u . » P j j.j H . c ll 
than a s. k wt.ere . t anl . v ar* air 

an! water Jaimlaa. g la gr Av Hat liral ajeel- 
•ralUr.. anl L' - li via] if eel ar 10 n. I’.aure- 
c»nn of esaan* square ala;a both in ws-.eta-hs a*d 
on ih s .>:ean lets to al r» jg>*«nant wtih thla 
Uni tar I :n. Ore ispluarus sf s.th a alrja 
list tar I : n is chat can slope ape.-rral de-aitln 
irs I Is I lad to vol-ist which decrease as lie poah 
fr«quasry of a wind va-.v s;eccsua dacreasas. 
ihle u, pxavida an *<planstlcn for ths eSserwa- 
cion lhal wa.-i-iquars, drslnans wane slapea ara 
typira LIy anal lev on tp* Mean tfan la uavatar.ka. 
Cdava qrewih, e .-can run flua, wava sl:;s). 

J. Cvrjhya. Fas., ,'.raro, Taper lilGJJ 


-f'iO luarrusmcs ar.J Tachnlq-aaa 
•iTiMm.w hfi.^ht roFRFcfim rot 
J. iJIvll OPL-rlT. Faaaleva, CM. E. Colq-illt 
'•.S’.*, I jSIgren, V%>, p. J. A.nJerle 
T*o |r--«fh.ere effect cr, algral spaed, and 
■.ice or "hr S.-acai raJar aliUelev am.riom, 

1% Hlii-ci Iv pr.ipArit.-neI io the cnl -irst . Intt.m 
e.'.iecu K-t rh* ■■-nps.-'iun . Thla paper cnntalns a 
dia.ripri. n nf ihr Farsdu B.iaiim tr:r.-ii-,ue u».vl 
'■r I*--. Jail pf.ije.-r ror.i-.iire rh r Ir-riphyre, 

Ir.l ..I Ur napping (throe ua.-i i» nip i-e neuaure- 
■*. ™r* I. lr.y apar « calf Insrl.-n In a-Ultl-n, it 
J. r it • l*.e fin I yst li*. [(.-crd«r.i ,ud lev vilida- 
rl.'u iv S o ' .-j racy aateivirir 
' Fr-s.. Green, Fipar If In? 

Particles and Fields— 
Ionosphere 

HI) Aurorae 

ANWILLH Mllllimr GW SUimiAL FIILD LIU.) 

h. i. lowland (Papineail wl Mjalr, 'and 

Aeiraao ay, mi vara I ty el KsrylsM. Col leg* Pan. 

* 207»l|, I, I, faloifiiin and' r. FtHdegMlx 
A tUalle psablea In Isbarllorx aad apaca 
plasaa phyaica la lha aalaianr* ar field aligned 
puieni ink diapa 1st ilroagly nags . 1 1 red (.. < 

w ! [Mllnlealnea plaama. Riga la the praZfne* 

•' slUsie Chet would gnnrata ncreag us aalwi 
rnaleitsiiy la as visa gnu lies pUam, iha 
Invatlaar* nl lha aageeilc esegai, „ «f the 
dec i runs will retult la ruaaeay. Ms deananima 
by I henry and cNfslK Haul at Iona ghat th* . 
■(label felly af a for sliciriu ifcalarsitd above 
e cctinla critic si velocity heenka down *ie (a . 
the ennanlMe Cepplar iinsimi lest (bill I y. ' 
Thla ling with aaa* races! concept! ef ttreag - 
turbo lent a ill owl «a t* preeaal * cnhtraat . ihealy 1 
of eaeaelM* railstlrlly sad el*e|ren 

scceksrailea, • shlah flla the ebasrved 

dlscrlkutlos ar eaargetle elaclraa rlsaai. I*. • 
lie yraseace • al ten density flue matt ana vlth 
■'■/». > ebSITsad iq iha esrarsa, Iks . 

dlBcFMA IS spool* i* a (laid allgawd point ta l 
atcors la Urea aiegaa. The flrat aidga l« oaa 
diwewleael aad a lss|, flat call form aa oaa 
■id* ar iha alaciraa dliislboilaai an the electrta 
(laid icyarciib sal rapped alaetsau a oda lac treat 
naallassrly trap pad hy lha lea CUclwcrlaoa. 
Hhea th* eltdrsas saach a *>16 leal velocity far 
Ihe easel ef the anemias l beppler rsisMscs 
lotLibLIJIy, Ihs currnei 1* clasped nod th* 
•Uitnn add heacad la . tha ysrpaadtcwUr 
dlrsctlaa, Ihiil ihs ml I alaccrea* afa haalad 
aseh that t. ■ r lha rucnit <*a«b aai lacranae 
aid ns Mil a It mac rial a 1 1*1 ly. da Isegsr . 
lies inUi His behasler af, iha ay am depead* 
upon ib* lain race of iha s Ur inat with lugs 
per peed Ira lar weiea Idea/ . 

' GCophys. Jlsa. Lair , , Fdpsy 1U7Q9 







